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ABSTRACT
The ex trac tab illty  of fourteen anions has been  In v estig a ted . The 
procedure used  In the  prelim inary q u a lita tiv e  survey w as to  add a s lig h t 
ex c ess  of ce rta in  ca tio n s to  th e  so lu tion  of th e  anion In order to  form 
weak e lec tro ly tes  or lo n -a sso c ia tlo n  com plexes th a t w ere ex tra c tab le . 
The th ree  ty p es of so lv en ts  used  for th e  subsequen t ex trac tions w ere an 
e ther (diethyl e th er), a ketone (methyl lsobu ty l k e to n e), and an e s te r  
(ethyl a c e ta te ) . The following anions w ere ex trac ted  w ell by one or 
more of the so lven ts: ch lo ride , brom ide, io d id e , th lo cy an a te , cy an id e , 
and n itra te . Fluoride w as only sligh tly  ex tra c te d . Spot te s ts  a lso  
showed ex traction  of th e  following an ions by d iethyl ether: b o ra te , 
o x a la te , o rthophosphate, th lo su lfa te , su lf ite , n itr ite , and ferrocyan ide.
The ex traction  of iodide w ith cadmium as  coordinating ca tion  w as 
chosen  for d e ta iled  s tu d y . Extraction effic iency  decreased  w ith d ilu ­
tio n  of th e  cadmium iodide so lu tion , but down to  0 .006  M , it  w as 
s ti l l  ap p rec iab le . Such fac to rs  as  tem peratu re , pH of th e  aqueous 
p h a se , and th e  in itia l cadmium to  iodide mole ratio  had only a sligh t 
e ffe c t. A 1:1 mixture of tribu ty l phosphate and methyl lsobu ty l ketone 
w as used  for th e  im m iscible so lv en t.
The ex is ten ce  of the  following ex trac tab le  sp e c ie s  has been 
postu la ted : (2H+, C d l J ,  (H+ , C d lp ,  C d l2 , (Cdl+, O H "), and 
(Cdl+ , NO3 ) .
An experim ental procedure for th e  determ ination of iodide by th e
ex traction  techn ique w as developed .
vii
I . GENERAL CONSIDERATIONS
Until recen t tim es only the  organic chem ist* engaged in  Iso la ting  
a reac tion  product in high purity* used  so lven t ex trac tion  a s  a  b a s ic  
to o l. The in so lu b ility  of Inorganic compounds in  organic solvents*  the 
lim ited number of av a ilab le  so lvents*  and w hat Conant ca lled  "our 
s lav ish  devotion to  w ater" probably blocked se rio u s considera tion  of 
th e  u se  of so lv en ts  in Inorganic a n a ly s is . There w ere early  iso la ted  
Instances*  however* of th e  use  of an  im m iscible so lven t in  inorganic 
an a ly tica l se p a ra tio n s . In 1842 M orrison and F re iser (15) noted the  
use  of d ie thy l e ther in  th e  purification  of uranium for p itchblende by 
Peligot and th e  discovery  by Rothe half a century later* of th e  ex -  
tra c tab ility  of iron (III) ch loride from strongly ac id ic  so lu tio n s .
Sherrill (2)* w hile studying th e  h a lid es  of mercury* observed the  ex ­
trac tio n  of mercury (11) bromide in to  b en zen e . Many more in v e s tig a ­
tio n s  over th e  years  could be c ite d , but s in ce  no com prehensive 
h is to ric a l survey is  being attem pted h e re , the  in te re s ted  reader is  re ­
ferred to  the book by M orrison and F re iser (15). Suffice to  say th a t re ­
newed in te re s t in  so lvent ex traction  came only recently* w ith the 
increasing  dem ands of modern technology mainly resp o n sib le  for the 
rev iv a l. Today, among o ther uses* organic so lven ts  are used in th e  
recovery of expensive nuclear fuels* in trace  ana ly sis*  and in th e  
separation  of chem ically  sim ilar e n t i t ie s .  Solvent extraction* because  
of i ts  sim plicity* its  ap p licab ility  to  trace  a n a ly s is  and the  an a ly s is  of
com plex m ix tu res, and i ts  sp e e d , i s  curren tly  one of sev era l te ch n iq u es  
frequently  em ployed in a n a ly tic a l ch em istry .
N on-aqueous so lv en ts  have found ex ten s iv e  ap p lica tio n  in  th e  
sep a ra tio n  of c a t io n s . A schem e for th e  sep ara tio n  and micro id e n tif i­
ca tio n  of m eta llic  ions com bining th e  m erits of so lv en t ex trac tio n  and 
th e  ring oven h as  a lready  been  d ev ised  by W est and M ukherjl (22). 
C a tio n  ex trac tio n  system s w ere sy s tem a tic a lly  tre a te d  by M orrison and 
F re ise r in  th e ir  book , "Solvent E xtraction  In A naly tica l C h em is try ."
The ex trac tio n  of a n io n s , how ever, h as  been  la rg e ly  igno red .
Only a few in v e s tig a tio n s  th a t  u sed  organic so lv en ts  to  se p a ra te  an ions 
a re  m entioned in  th e  l i te ra tu re . R ynaslew icz , S leep er, and Ryan (16) 
developed  a method for ex trac ting  w ith  ethy l a lcoho l sm all am ounts of 
boron in  sodium  m eta l. In 1955, C o u rs ie r , H ure, and P la tzer (6 ) s tud ied  
th e  d is trib u tio n  of te trapheny larson ium  fluoborate betw een  w ate r and 
chloroform , in th e  co u rse  of developing a method for th e  iso la tio n  and 
determ ination  of mlcrogram q u an titie s  of boron .
A lcock , e t aK  (2) s tud ied  th e  d is trib u tio n  of n itr ic  ac id  betw een  
w ate r and so lv en t m ixtures of tr ib u ty l phOBphate (TBP) and non-po lar 
d ilu en ts  lik e  k e ro se n e . They a ttrib u ted  th e  so lu b ility  of n itric  ac id  in  
th e  so lv en t m ixture to  th e  form ation of th e  s p e c ie s ,  HNOg.TBP. In a c ­
co rdance w ith  th e  p rincip le  of " like  d is so lv e s  l ik e ,"  so lu b ility  da ta  
show ed th a t a s  th e  am ount of tr lb u ty l phosphate  in  the  so lven t m ixtures 
w as In c re a se d , th e  so lu b ility  of po lar su b s tan c e s  w as en h an ced .
D ucret and co -w orkers (7) took advan tage of th e  so lu b ility  In
organic so lven ts  of com plexes of some anions w ith organic compounds to  
separa te  tra c e s  of su lfa te  and p h o sp h a te . Sulfate w as exchanged with 
th iocyana te  adsorbed on a res in  and th e  a s so c ia tio n  com plex su b se ­
quently  formed betw een th e  re le a se d  th io cy an a te  and added m ethylene 
blue w as ex trac ted  w ith 1 , 2 -d ich lo ro e th an e . Solvent mixtures of 
arom atic k e to n es , sp e c if ic a lly , ace tophenone, and v o la tile  so lven ts 
like  o -d lch lo ro b en zen e , w ere used to  ex trac t th e  a s so c ia tio n  com plex 
of phosphate w ith sa fran ln e .
A few term s introduced in  th e  preceding paragraphs now n e c e s s i­
ta te  a  d iscu ss io n  of th e  p rincip les of liqu id -liqu id  ex trac tio n .
1. EXTRACTION THEORY
Extraction theory  is  founded on two outstanding  p rincip les of 
chem ical therm odynam ics, nam ely, the  ce leb ra ted  phase rule of G ibbs 
and th e  d istribu tion  law of N em st.
The m athem atical form ulation of the  phase rule is  as follow s: 
F - C - P + 2
where F. is  the  number of v ariab les  needed to  describ e  the  system  uni­
q u e ly , Q _is the  number of com ponents and , P .is the number of p h a s e s . 
At co n stan t tem perature and p re ssu re , the  equation  reduces to
F -  C -  P
In th e  p resen t s tudy , th e  system s w ere com posed of tw o p h a s e s , 
and th e  tem perature and p ressu re  w ere held c o n s ta n t, so th a t the 
equation further sim plifies to
F -  C -  2
For system s of five com ponents such e s  th e  ones used  in  th is  work (TBP, 
methyl isobu ty l k e to n e , w a te r , cadmium iod ide , and sulfuric acid) th ree  
variab les are needed for unique d esc rip tio n . T hese may be th e  concen­
tra tion  of cadmium iodide in  one p h a se , th e  pH of th e  aqueous so lu tio n , 
and th e  volume ra tio  of th e  mixed so lv e n ts , TBP and methyl isobuty l 
ketone (MiBK) • S ince the  volume ra tio  of th e  mixed so lven ts w as fixed 
a t 1 : 1 , only a knowledge of th e  concen tration  of cadmium iodide in  and 
th e  pH of the  aqueous so lu tion  a fte r equ ilib ration  is  n e c e ssa ry .
At constan t tem perature and p ressu re , the  equilibrium  condition 
for a so lu te  d istribu ted  betw een two im m iscible so lven ts is  g iven  by 
th e  equation ,
/ l  * > * 2  <!>
or expanding th e se  ex p ress io n s ,
ju ^  + RT In  mx + RT In  Y j  + RT In  m2  + RT In  Y\  (2)
where t h e ^  is  the  chem ical po ten tia l in p h ases 1 . and Z j ^  is  the
chem ical po ten tia l a t th e  hypo thetical standard s ta te  of one molal; 
m̂  is  th e  concentration  in  m olality; Yj is  the molal ac tiv ity  co e ffi­
cien t; R and X are th e  c o n s tan t, and the  abso lu te  tem perature, 
re sp e c tiv e ly . Rearrangement of th e  preceding equation g ives
m Y
Kd " ^  " T z  exp‘  {f 2 ' / ' i )/RT (3 )
The exponential term  is  co n stan t provided th e  p resence  of the  so lu te  
does not affec t th e  mutual so lu b ilitie s  of the  im m iscible solvent
p a ir . Equation (3) may th en  be w ritten  th u s ,
m« YyKD  -  J L I k  (4 )
At In fin ite  d ilu tio n , th e  ac tiv ity  c o e ffic ien ts  approach unity  and th e  
d is trib u tio n  co e ff ic ien t, Kj j , becom es co n s tan t and equ ivalen t to  
V ariation in th e  d is trib u tio n  co e ffic ien t is  u su a lly  due to  changes in  th e  
ac tiv ity  co e ffic ien ts  a s  shown by equation  (4).
In p ra c tic e , so lu tio n s of such co n cen tra tio n  th a t equation  (4) b e ­
com es In ap p licab le  are  th e  ru le  ra th e r th an  th e  ex cep tio n . A quan tity  
re la ted  to  th e  d is trib u tio n  co e ffic ien t th u s  su p e rsed es  th e  la tte r  in  
u ti l i ty . It is  c a lle d  th e  d is trib u tio n  ra tio , £ ., and i ts  m athem atical e x ­
p re ss io n  is  a s  follow s:
1 3  * Total co n cen tra tio n  in organic p h ase  
Total concen tra tion  in aqueous p h ase
£  approaches Kj) a t in fin ite  d ilu tio n .
Some prefer to  report th e  re su lts  of ex trac tio n  s tu d ie s  in  percen tag e  
of so lu te  ex tra c te d , %E. b ecau se  It g iv es  a quick ind ica tion  of th e  degree 
of su c c e s s  a tta in ab le  in  th e  Iso la tio n  of th e  compound w ith  a given  s o l­
v en t. The m athem atical re la tio n  betw een  th e  d is trib u tio n  ra tio , £ ,  and 
th e  percen tag e  ex trac tio n , %E. is  show n by th e  follow ing derivation :
Let GQ ■ grams of so lu te  in  the  organic phase  
Gw ■ gram s of so lu te  in th e  aqueous phase  
M * m olecular w eigh t of th e  so lu te
VQ = volum e of th e  organic phase  
Vw = volume of th e  aqueous phase  
C -  molar concen tra tion
Now,
* E - ;w t .  JS^&SStSfmfk a a s m  * 1 0 0
G°  X 100
Go + Gw
D ivision  of th e  numerator and denom inator by th e  q u an tity , MVQ Vw g ives: 
G q/M  V0 VW
“ (G0  + Gw) / m V0Vw * 100
“ ( c ^ r r f e ^ r  x 100
If w e now divide the  numerator and denom inator by Cw , w e o b ta in ,
%E   C(/ Cw^w -------- x ioo
(Co/Cw Vw) + (CW/C WV0)
Substitu ting  p  for th e  q u an tity , C o /C y ,,
D/Vw
%E -  -— —— ——— -—  x 100
(D/Vw) + l/V 0
«  --------- 2 —   x  1Q0
D + VW/V Q
W hen the volume of the  aqueous p h ase , Vw , Is equal to  the  volume of 
the organic p h a se , VQ, a much sim pler equation  resu lts :
D
%E  --------- x 100
D + 1
The d istribu tion  of a so lu te  betw een two im m iscible so lv en ts , 
one of w hich as far as  th e  p resen t study  is  concerned w ill alw ays be 
w a te r, finds a sim ple explanation  in  th e  d ifference in its  so lub ility  In 
the  two liq u id s . It Is not by any means th e  com plete explanation  b e ­
cau se  the re  are other facto rs Involved: the effect of th e  p resence  of the
se c o n d  s o lv e n t on th e  s o lu b i l i ty  of th e  s o lu te  in  th e  f i r s t , an d  th e  c h a n g e  
in  th e  a c t iv i ty  c o e f f i c ie n t s , to  nam e tw o  p r in c ip a l o n e s .
S o lu tio n  th e o ry  h a s  no t g row n to  th e  p o in t w h ere  i t  c a n  s a y  w ith  
c e r ta in ty  w h a t s u b s ta n c e  w il l  d is s o lv e  in  w h ic h  l iq u id .  H o w ev e r, 
th e re  a re  a  few  g e n e ra l is a t io n s  w h ich  h av e  b e e n  v e ry  u s e f u l . W orthy  o f 
f i r s t  m en tio n  i s  th e  fa m ilia r  p r in c ip le  o f " l ik e  d is s o lv e s  l ik e "  w h ich  
a d e q u a te ly  e x p la in s  th e  s o lu b i l i ty  o f m e ta l c h e la te s  in  o rg a n ic  s o lv e n t s . 
An Io n ic  s a l t ,  l ik e  sod ium  c h lo r id e , i s  know n to  b e  m ore so lu b le  in  a 
s o lv e n t  of h ig h  d ie le c t r ic  c o n s ta n t  l ik e  w a te r  th a n  in  a n o th e r  so lv e n t of 
much lo w er d ie le c tr ic  c o n s ta n t;  th e  e x p la n a tio n  is  th e  r e la t iv e ly  sm a lle r  
w ork  re q u ire d  in  th e  form er to  s e p a ra te  th e  o p p o s ite ly  c h a rg e d  io n s  of 
th e  s a l t .  W h en  th e  m o le c u le s  of th e  p o la r  s o lv e n t p o s s e s s  a  s tro n g  
en o u g h  a t t r a c t io n  for th e  io n s  of s o lu te  to  s e p a ra te  th e m , th e  so lv e n t 
m o le c u le s  a l s o  rem a in  b o n d ed  to  th e  in d iv id u a l io n s .  The en e rg y  m ade 
a v a i la b le  by  th is  p ro c e s s  i s  th e  s o lv a tio n  e n e rg y , H_, w h ich  acco rd in g  
to  th e  Born e q u a tio n  (14),
sh o u ld  in c r e a s e  w ith  in c re a s e  in  th e  d ie le c tr ic  c o n s ta n t  of th e  s o lv e n t .
B e c a u se  th e  s o lv e n ts  u s e d  in  so lv e n t e x tra c t io n  a re  a s  a  ru le  
o f low  d ie le c t r ic  c o n s ta n t ,  i t  may b e  in fe rre d  from th e  a fo rem en tio n ed  
g e n e ra l iz a t io n s  th a t  e x tra c tio n  is  d e p e n d e n t on th e  p rio r  fo rm atio n  of 
a n  u n c h a rg e d  s p e c ie s  s o lu b le  in  th e  s o lv e n t .  Such an  e n t i ty  may be 
form ed by  c o o rd in a tio n , c h e la t io n ,  o r io n  a s s o c ia t io n .  T h e se  p r o c e s s e s
r * ra d iu s  o f io n  
€ “  io n ic  c h a rg e
D * d ie le c t r ic  c o n s ta n t  of so lv e n t
8
are now illu s tra ted  by th e  following equations: 
M+n + nR~ --------------- »  MRn
w here ^  is  an n -v a len t m etal ion and is  an  an ion . 
CHELATION
•(X),i  M+n + 
n B<
g .i 8  an atom having b a s ic  ch a rac te r in the  Lewis sen se ; 0 0 p is  usually  
a carbon sk e le to n .
If, for exam ple , M*n has a coordination number of 4. and n is  2., 








The formation of charged coordination  com plexes precedes the 
ac tu a l a sso c ia tio n  of io n s .
(a) M+n + bB 
MBb+n + n
+nMBb 
-> (MBb+ n , n5C”)
(b) M+n + (n + a) X'




(ion pair)n + a
2. STABILITY OF UNCHARGED COMPLEX
The s tab ility  of th e  uncharged com plex is  a very important factor 
in i ts  e x tra c ta b ility . For a coord ination  com plex, s tab ility  is  synonymous
w ith th e  strength  of the  bond betw een th e  cen tra l m etal ion and th e  ligands 
coordinated to  i t .  Several facto rs determ ine the  strength  of th is  bond. 
Regarding th e  contribution of th e  m etal io n , th e  strength  of th e  coordinate 
bond In creases  w ith the  ionic p o ten tia l, th e  depth of the o rb ita ls  a v a il­
ab le  for coordinate bonding, the  oxidation s ta te ,  and th e  e lec tro n eg a tiv ity . 
On th e  other hand , for th e  lig an d , s in ce  th e re  are  d ifferent k in d s , no 
defin ite  ru les  can  be la id  dow n. A ligand may be one of th e  following 
types (3): a) it may ha/e  one or more free pair of e lec trons or b) it may 
have gi. bonding e lec tro n s in s te a d . To the  la tte r  type belong ethy lene 
and cyclopen tad leny l io n . The ligands of group (a) may or may not be 
ab le  to  form gi. bonds w ith  the  cen tra l m etal ion depending on w hether 
they  have vacan t o rb ita ls  or o rb ita ls  th a t can  be v ac a te d , or w hether they  
have add itional g i e lec trons th a t can  be shared w ith vacan t m etal o rb ita ls  • 
To group (a) belong fluoride (no vacant o rb ita ls ) , iodide (has vacant 
o rb ita ls ) , and hydroxyl (has add itional pi e lec trons) io n s .
S tab ility  of ha lide  com plexes of sm all e lec tro p o sitiv e  ions like  
iron d ec rease s  w ith  Increasing  atom ic w eigh t, i_. e , . , w ith decreasing  
e lec tronegativ ity  of the h a lid e . The s tab ility  of the  halide  com plexes 
of cadmium and mercury (II), on the  other hand , follow s th e  reverse  
order, 1“ >  Br” >  C l” >  F“ . S ign ifican tly , the  firs t th ree  h a lid es  
have vacan t o rb ita ls  in th e ir  valence sh e lls  av a ilab le  for gi. bonding 
w ith the  £  e lec trons of the  m etal ions m entioned. Other fa c to rs , 
probably more sign ifican t than  dd-p l bonding (3) may be invo lved . In 
the  c a se  of iod ide , i ts  g rea ter po larlzab ility  may contribute g reatly  to
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the lon-induced dipole binding with the cadmium and mercury (II) io n s . 
More probably, the heat of hydration, th a t decreases from fluoride down 
to iodide may be large enough, as in fact it is  for the fluoride, to cause 
the reversal in the order of stab ility  of the com plexes.
In so lution, coordination usually resu lts  in charged complexes 
which must subsequently assoc ia te  with oppositely charged ions to  give 
species of zero net charge to be ex tractab le . In tu itively , it is  easy  to 
see tha t since the bond holding the ion associa tion  complex is purely 
e lec tro sta tic , stab ility  is  a question of how much greater is  the cqulombic 
attraction  between the ions of the pair, compared with the average thermal 
energy of a solvent m olecule.
The theory of ion pair formation w as originally proposed by 
Bjerrum in 1926. Bjerrum compared the ratio  of the measured ac tiv ity , 
a^ , to the stoichiom etric concentration, c ,  with the activ ity  coefficient 
given for the same system by the Debye-Huckel theory and noted that 
the former was sm aller. He attributed the decrease in activ ity  to  a sso c ia ­
tion of oppositely charged ions into pairs and proceeded to  calcu late  the 
fraction of electrolyte associa ted  into pairs (10). The final equation is 
usually  seen  in th is form:
.2
N* Avogadro's number 
€ * ionic charge
a ■ d istance between centers of ion pair 
k ■ Boltzmann constant 
T -  absolute temperature 
D * d ie lectric  constant
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A m athem atically  sounder derivation  by Fuoss (10) re su lted  In th e
following sim pler equation:
,  _ 4lTN«3eb 
3000
The sym bols have the  sam e meaning; £  is  the  b ase  of natural logarithm s.
The value of h>ls an  index of the  ex ten t of Ion pair form ation. From
the m athem atical d efin itio n , It is  seen  to  rep resen t th e  ra tio  of th e  e lec tro -
c 2s ta tic  po ten tia l energy , of the  two Ions In con tac t to  th e  average
therm al energy of a so lvent m olecule, ]& . W hen £ i s  5 .6 0  & and rem ains 
co n stan t a t 2 5 ° C ., |> is  equal to  -1^- . In w ate r, b is  approxim ately 1., 
w hich means th a t the  ion pair is  not very B table. On the other hand, for 
a so lvent like  trlbu ty l phosphate of d ie lec tric  constan t 8 ,, b is  approxi­
mately JL2. and the  Ion pair Is s tab le  to  bombardment by so lvent m o lecu les. 
Because an ion pair p o s se s se s  a dipole f ie ld , it  can  be a ttrac ted  by e ither 
anions or c a tio n s . In fa c t, tr ip le  ion c lu s te rs  are  expected  to  form in the 
d ie lec tric  constan t range, 1 0 - 2 0 .
The effect of tem perature is  in tim ately  connected  w ith its  effect on 
the  d ie lec tric  co n s tan t. For so lven ts of high d ie lec tric  co n s tan t, an in ­
c rea se  in tem perature o ccasio n s a re la tiv e ly  g reater d ec rease  In the  d i­
e lec tric  constan t so  th a t th e  net effect is  a lowering in th e  value of the 
quan tity , (DT). In term s of e ither equation , th is  means a g rea ter degree 
of ion a s so c ia tio n . For so lven ts of low d ie lec tric  co n s tan t, on th e  other 
hand , increasing  th e  tem perature has very l i t t le  effect on th e  d ie lec tric  
co n s ta n t. The quantity  (DT) in c rease s  b ecau se  of the  tem perature in ­
c rea se  and the ex ten t of ion pair formation becom es l e s s .
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3 . PURPOSE OF THE PRESENT STUDY
The p resen t study w as undertaken as  a m eans of e s tab lish in g  th e  
p o ss ib le  u se fu ln e ss  of so lven t ex traction  in  th e  separa tion  of an io n s . 
Although th e  separa tion  of an ions (19, 20 , 24) has alw ays been  a d iffi­
cu lt problem , and although so lven t ex trac tion  methods have become in ­
creasing ly  popular in  th e  separation  of c a tio n s , th e  p o ss ib ility  of com - 
blnihg the two fie ld s  h as  rem ained E ssen tia lly  unexplored .
In th e  separa tion  of m etal ions a s  ion a s so c ia tio n  com plexes or 
a s  sim ple coordination  com pounds, a la rge  ex c ess  of an ions i s  used  to  
in su re  the  formation of th e  higher com plexes and c rea te  favorable con­
d itions for ion a s so c ia tio n . T hus, iron (III) is  ex tracted  w ith  ethy l ether 
(15) from aqueous so lu tions 6 . ^  in  hydrochloric a c id . The reverse  
p ro c e s s , i_. e ,. , addition  of a  sligh t ex c e ss  of catlonB to  a so lu tion  of 
a given anion to  produce ex trac tab le  s p e c ie s , seem ed to  be th e  log ica l 
approach to  the  in v estig a tio n  of th e  ex trac tab ility  of an ions •
The h a lid es  and pseudoha lid es  had been ex ten siv e ly  applied  in 
th e  ex traction  of c a tio n s . In fa c t, excep t for th e  n itra te  sy stem ,
M orrison and F re iser (15) gave extended tabu la ted  sum m aries only for 
halide  and pseudoha lid e  ion a s so c ia tio n  sy s te m s . W e d ec id ed , th e re ­
fo re , to  s ta rt th e  p resen t work w ith them . If th e  re su lts  w ere encouraging , 
th e  in v estig a tio n  would be extended to  th e  o ther anions • A d e ta iled  study 
of one system  would th en  be undertaken afte r a su c ce ss fu l exploratory 
q u a lita tiv e  su rvey .
I I . EXPERIMENTAL
A. QUALITATIVE STUDIES
Prelim inary q u a lita tiv e  s tu d ie s  w ere deem ed n e c e ssa ry  to  e s ta b lis h  
th e  p ra c tic a b ility  of using  so lven t ex trac tio n  to  se p a ra te  a n io n s . The 
ca tio n  ex trac tio n  sy stem s lis ted  by M orrison and F re ise r  (15) fu rn ished  
th e  s ta rtin g  po in ts In th e  ch o ice  of th e  c a tio n , th e  so lv e n t, and th e  
ac id ity  of th e  so lu tio n .
All e x tra c tio n s , excep t in  th e  c a s e  of th lo s u lfa te , n itr i te , and 
su lf i te , w ere In ac id ic  medium. The ex cep tio n s w ere ions th a t a re  un­
s ta b le  a t low pH so  th a t ex trac tio n s  had to  be  made from so lu tio n s th a t 
w ere e ith e r very  s lig h tly  a c id ic , n eu tra l, or very  s lig h tly  a lk a lin e .
The ca tio n s  chosen  w ere good coord inating  ce n te rs  and w ere 
read ily  a v a ila b le . They w ere s ilv e r (I), cadm ium , cerium (IV), co b a lt (II), 
chromium (III), mercury (II), z in c , Iron (III), gold  (III), antim ony (III), 
tin  (IV), and uranium (VI).
Three ty p es  of so lv en ts  w ere em ployed, nam ely , an  e ther (d iethyl 
e th e r), a ke tone  (methyl lso b u ty l k e to n e ), and an e s te r  (ethyl a c e ta te ) .  
O cc as io n a lly , 1:1 m ixtures of tr ib u ty l phosphate  (TBP) w ith one of the  
aforem entioned so lv en ts  w ere tr ie d . Although TBP is  a good so lv en t for 
many ion a s so c ia tio n  co m p lex e s , it is  not very conven ien t to  u se  b e ­
c a u se  of i ts  v isc o u s  n a tu re . In one in s ta n c e , lsoam yl alcoho l (the 
vapors of w hich are  harmful to  th e  ey es) w as tr ied  and found to  g ive 
a very favorab le  d is trib u tio n  ra tio  for th e  an ion  (iron (III) th io cy an a te
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com p lex ).
To d e te c t th e  an io n , a  few drops of th e  e x tra c t w ere  su b je c te d  to  
th e  ring oven  trea tm en t (21) p relim inary  to  th e  Id en tif ic a tio n  w ith  su ita b le  
co lo r re a g e n ts .  * For th e  ch lo rid e  io n , b e c a u se  th e re  w as  no co lo r r e a c ­
tio n  a p p lic a b le , th e  re s id u e  o b ta in ed  by ev ap o ra tio n  of th e  e x tra c t w as  
d is s o lv e d  In w a te r , and th e  re su ltin g  aqueous so lu tio n  w as te s te d  for 
th e  ion  w ith  d ilu te  s liv e r  n i tr a te . E vaporation  of th e  m ethyl lso b u ty l 
k e to n e  (b . p . ,  1 1 5 .8°C ) e x tra c t w a s ,  how ev er, tim e-co n su m in g .
As long a s  s e n s it iv e  co lo r re a c tio n s  w ere  av a ila b le  for d e tec tin g  
th e  a n io n , and provided  th e  an ion  com plex w as h ea t s ta b le ,  th e  ring 
oven w as  u sed  and  strip p in g  w as  not a p rob lem .
The d e te c tio n  of th e  an ion  In th e  ex tra c t requ ired  re p e a te d  e x tra c ­
tio n  of th e  aqueous la y e r  w ith  fre sh  so lv en t to  o b ta in  a rough e s tim a te  
of th e  ex tra c tio n  e f f ic ie n c y .
REAGENTS USED
1. H ydrochloric a c id ,  6  N
2 . N itric  a c id , 6  N
3 . Sulfuric a c id ,  6  N --
4 . P o tass iu m  brom ide, 0 .1  N
5 . P o tass iu m  io d id e , 0 .1  N
*In th e  ring  oven  te c h n iq u e , a  drop of t e s t  so lu tio n  is  p laced  on 
th e  c e n te r  of a  f i l te r  paper s e t on to p  of an  e le c tr ic a l ly  h ea ted  m etal r in g . 
A ddition of a  su ita b le  re ag en t th en  e ith e r  fix es  th e  Ion In q u e s tio n  in  th e  
c e n te r  or d riv es  It to  th e  p e rip h e ry . The h e a ted  ring c a u s e s  rap id  
ev ap o ra tio n  of th e  sp read ing  liqu id  and su b seq u en t d ep o s itio n  of th e  Ion 
In th e  form of a  r in g .
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6 . Sodium F luoride, 0 .1  N
7 . P o tassium  th io c y a n a te , 0 .1  N
8 . P o tassium  cy a n id e , 0 .1  N
9 . Sodium o x a la te  0 .1  N
10. Sodium m etabora te , 0 .1  N
11. Sodium n i t r i t e , 0 .1  N
12. Sodium s u lf i te ,  0 .1  N
13. Sodium th lo su lfa te  0 .1  N
14. Sodium monohydrogen p h o sp h a te , 0 .1  N
15. P o tassium  ferro cy an ld e , 0 .1  M
16. Cadmium ch lo rid e , 0 .1  M
17. C oba lt (II) n itra te , 0 .1  M
18. Cerium  (IV) su lfa te  (0 .02  N in  3 .6  N su lfu ric  acid)
19. Chromium (III) ch lo rid e , 0 .1  M
20 . Iron (III) n itra te , 0 .1  M
21. M ercury (II) n i t r a te , 0 .1  M
22. Lead nitrate.., 0 .1  M
23 . Antimony (III) ch lo rid e , 0 .1  M
24. G old (III) ch lo ride  (10 m gs. per m illilite r  of solution)
25 . S ilver n i t r a te , 0 .1  M
26 . Tin (IV) ch lo rid e , 0 .1  M
27. Zinc ch lo rid e , 0 .1  M
28. Uranyl n itra te , 0 .005  M
29 . D iethyl e ther
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30 . Ethyl a c e ta te
31* M ethyl lso b u ty l ketone (MiBK)
32 . Tri-& -butyl phosphate  (TBP)
3 3 . Xsoamyl a lcoho l
3 4 . P o tassium  perm anganate, 0 .0 1  M
3 5 . F lu o resce in  (sa tu ra ted  so lu tion  In 1:1 alcohol)
36* Chrom otropic ac id  (0.05%  In c o n c . su lfu ric  acid)
3 7 . Curcum ln (boiled a lco h o l ex tra c t d ilu ted  w ith  w ater)
38 . Iod lne-sod lum  a s id e  so lu tio n  (1 gram of sodium  a s id e  per
100 m is . of 0 .1  N iod ine  so lu tion)
3 9 . A lpha-naphthylam ine In g la c ia l a c e tic  ac id  (boiled w ate r
ex trac t mixed w ith  g la c ia l a c e tic  acid)
40 . M alach ite  g reen , 2%
4 1 . M olybdate~qulnollne so lu tio n  (See p . 24)
42 . Palladium  (II) ch lo rid e , 1%
43 . S u lfan lllc  ac id  in  a c e tic  a c id  (1 gram of su lfan llic  ac id  per
100 m is . of 30% a c e tic  acid)
PROCEDURE
To 2 or 3 dropB of 0 .1  M anion so lu tion  In a t e s t  tu b e , 2 or 3 drops 
of 6  N HC1 or HNO3  and 1 or 2 drops of 0 .1  M ca tio n  so lu tion  w ere added 
and the  volume w as made up to  about 1 m l. w ith d is t i l le d  w a te r . An equal 
volume of im m iscib le so lven t w as poured In , and th e  mixture ag ita ted  and 
th e  phases sep a ra ted  In a C arlton  p lpet (22). After a few m inu tes, when 
th e  two liqu id  p h ase s  had sep ara ted  and both had becom e c le a r ,  each  
so lu tio n  w as pumped out in to  se p a ra te  te s t  tu b e s .
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A few drops of th e  ex tract w ere su b jec ted  to  the  ring oven te c h ­
n ique , The ring obtained w as th en  spotted  w ith  the  sp ec ific  reagent for 
th e  an ion .
The survey covered the  following anions:
1 . C hloride 8 . Borate
2 . Bromide 9 . N itrate
3 . Iodide 1 0 . N itrite
4 . Fluoride 1 1 . Sulfite
S . T hiocyanate 1 2 . Thio su lfa te
6 . C yanide 13. O rthophosphate
7 . O xalate 14. Ferrocyanlde
WSSVLIS
1. CHLORIDE
a .  W ith mercury (II) .
W est and Tron (23) stud ied  th is  system  using a number of so lv e n ts . 
Here is  a  summary of th e ir  findings:
Solvent Percentage Extraction (One Pass)
TBP .................................................. 98
Ethyl ac e ta te  .................................................  82
Amyl a c e ta te  ..................................... ... 76
MiBK .................................................. 76
M1PK......................................................................  80
M ethyl ethy l k e to n e ........................................  73
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A c e ty la c e to n e ................................................... 76
jv-Butyl a lc o h o l................................................... 74
jv-Amyl a lc o h o l ..............................................   65
Ethyl e ther ................................................... 62
H-Butyl e th e r ................................................... 19
C arbon te t r a c h lo r id e    2
A m ixture (1:1) of e thy l a c e ta te  and TBP and p H 's  below  6  w ere recom ­
mended for th e  ex trac tio n  of c h lo rid e .
b. W ith iron (in)
In a l l  th ree  so lv en ts  (ethyl e th e r , MIBK, and e thy l a c e ta te ) ,  
ex trac tio n  y ie ld s  w ere  fa ir .
To te s t  for c h lo rid e , th e  e th e r  and e th y l a c e ta te  ex tra c ts  w ere 
tre a te d  w ith  a few drops of w a te r , and th e  organic so lv en ts  w ere 
evapora ted  o ff. The aqueous so lu tion  le ft w as ac id ified  w ith  d ilu te  
n itric  ac id  before th e  add ition  of 0 .1  M s liv e r  n itra te .
The tim e-consum ing  evapora tion  of th e  M1BK w as la te r  circum vented 
by th e  tech n iq u e  of adding ano ther so lv e n t, poor a t ex tracting  th e  anion 
but m lsclb le  w ith MiBK, follow ed by trea tm en t w ith  sodium  hydroxide 
so lu tio n . Carbon te tra ch lo rid e  w as used  as  th e  second  so lv e n t. T est 
for th e  ch lo ride  w as made on th e  aqueous p h ase  a fte r a c id if ica tio n  w ith 
d ilu te  n itric  a c id .
c .  W ith antim ony (V)
Fair y ie ld s  w ere ob ta ined  w ith  e th er and MIBK. W ith ethy l a c e ta te ,  
poorer ex trac tio n  w as observed*
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d . W ith gold  (in)
Good ex trac tio n  w as noted w ith  each  so lven t •
e .  W ith cadmium
The th ree  so lv en ts  ex trac ted  fa ir am ounts of ch lo rid e .
A 1:1 TBP-M1BK m ixture d id  not ap p ear to  be more e f f ic ie n t.
2 . BROMIDE
The flu o resce in  te s t  (9) w as  u sed  for q u a lita tiv e  d e te c tio n .
The ring on th e  f ilte r  paper w as sp o tted  w ith  a c e tic  ac ld -hyd rogen  
peroxide (1:2) so lu tio n . The spo t w as dried  and th en  tre a te d  w ith  a  drop 
of 1% a lco h o lic  f lu o re sce in  so lu tio n . A red  ring appeared  on drying If 
brom ide w as p re s e n t.
a .  W ith mercury (II)
The o rgan ic  so lv en ts  y ie ld ed  brom ide in  p len tifu l am oun ts.
W est and Tron (23) reported  97% ex trac tio n  for a  Hg/fer ra tio  of 
1:2 using  a 1:1 TBP-ethyl a c e ta te  m ixture.
b .  W ith cadmium
No bromide cou ld  be d e te c te d  in  th e  e th e r e x tra c t.
P o sitiv e  re su lts  w ere ob ta ined  w ith  th e  MIBK and ethy l a c e ta te  
ex tra c ts  but further te s t  of th e  str ip p in g s w ith  d ilu te  s ilv e r  n itra te  gave 
only a fa in t tu rb id ity .
c .  W ith gold  (III)
E xtraction  w ith  each  of th e  th ree  so lv en ts  w as very e f f ic ie n t. The 
yellow  compound formed upon mixing of Au(in) and brom ide so lu tions w as 
com pletely  tran sfe rred  in to  th e  upper non-aqueous p h a s e .
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d . W ith Iron (III)
P o sitiv e  f lu o re sce in  te s t s  w ere g iven  by th e  ex tra c ts  • A check  w ith  
d ilu te  s ilv e r  n itra te , how ever, fa iled  to  show even  a s lig h t tu rb id ity .
3 .  IODIDE
The q u a lita tiv e  d e tec tio n  w as made w ith  1% palladous ch lo ride  so lu ­
tio n  added d irec tly  to  th e  ring  ob ta ined  in  th e  ring o v en . A b lack-brow n 
ring appeared  in  th e  p re sen ce  of io d id e ,
a .  W ith cadmium
High ex trac tio n  e ffic ien cy  w as found w ith  each  of th e  th ree  s o lv e n ts .
b .  W ith antim ony (III), mercury (II) or le ad  (II)
The yellow  m etal iod ide p rec ip ita te  w as a lm ost com pletely  tr a n s ­
ferred in to  th e  non-aqueous p h ase  in one p a s s .
1:1 m ixtures of each  of the  so lv en ts  w ith TBP w ere lik ew ise  very 
e f fe c t iv e .
c .  W ith gold (III)
The ligh t brown m etal iod ide show ed a strong preference for th e  
organic so lv e n t. V isual ev idence w as th e  com plete tran sfe r  of the  co lo r 
to  th e  upper o rganic  so lv en t la y e r .
4 . THIOCYANATE
Its  p resen ce  w as dem onstrated  by i t s  form ation of the  fam iliar 
b lood-red ferric  th io cy an a te  com plex w ith  iron (III) •
To th e  e th e r  and e thy l a c e ta te  e x tra c ts ,  a sm all volum e of w ater 
w as ad d ed , and  th e  mixture w as le f t in  a w ater bath  to  bo il off th e
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organic so lv e n t. After ev ap o ra tio n , th e  s id e s  of th e  t e s t  tu b e  w ere  
w ashed  w ith  w a te r . A few drops of ferric  n itra te  so lu tion  w ere th en  ad d ed . 
A b lo o d -red  co lo r w as formed In th e  p re sen ce  of th io c y a n a te .
The MIBK ex trac t w as d ilu ted  w ith  tw ice  I ts  volum e of carbon 
te tra ch lo rid e  and shaken  w ith  1 m l. of 10% sodium  hydrox ide . The 
a lk a lin e  aqueous lay er w as made a c id ic  for th e  ferric  th io cy an a te  t e s t .
a .  W ith cadmium
Good ex trac tio n  w as  noted  w ith  each  so lv e n t.
b .  W ith tin  (IV)
E xtraction  e ffic ien cy  w as a s  good a s  th a t w ith  C d .
c .  W ith Iron (III)
A fa ir  am ount of th io cy an a te  w as found In each  so lv e n t.
Isoam yl a lcoho l ex trac ted  th e  ferric th io cy an a te  very w e ll .  Com­
p le te  tra n s fe r  of th e  co lor in to  th e  a lcoho l p h ase  w as n o ted .
d . W ith z in c
Ether gave th e  b e s t r e s u lt .  E xtraction w ith  th e  o ther two so lv en ts  
w as only fa ir .
e .  M ercury (II)
The th io cy an a te  w as ex trac ted  equally  w e ll by th e  so lv e n ts .
5 .  NITRATE
To th e  e th e r and ethy l a c e ta te  ex tra c ts  a sm all am ount of w ate r w as 
ad d ed , and th e  m ixtures w ere s e t to  evapora te  in  a w ate r b a th . The 
aqueous so lu tion  le ft w as te s te d  for th e  n itra te .
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The MiBK e x tra c t w as su b je c te d  to  th e  sam e trea tm en t th a t  w as  o u t­
lin e d  under th io c y an a te  (ab o v e). The aqu eo u s so lu tio n  reco v ered  w as 
te s te d  for n itra te  w ith  a  0.05%  so lu tio n  of chrom otropic a c id  in  co n c en ­
tra te d  su lfu ric  a c id .  A yellow  co lo r a ttr ib u ted  to  a n ltro  d e riv a tiv e  of 
chrom otropic ac id  (9) in d ic a ted  th e  p re se n c e  of n i tr a te , 
a • W ith  cerium  (IV), go ld  (III) or uranium  (VI)
E x trac tion  e ffic ien cy  w as b e tte r  th a n  fa ir  for a l l  th re e  s o lv e n ts .
6 .  FLUORIDE
A d ilu te  so lu tio n  of th e  fe rric  th io c y a n a te  com plex w as  u se d  for 
q u a lita tiv e  d e te c tio n . A drop of th e  b lo o d -red  so lu tio n  added  to  th e  ring 
of fluo ride on th e  f i l te r  paper g av e  a  c o lo r le s s  ring c le a r ly  v is ib le  in  th e  
surrounding re d n e s s .
a .  W ith  t in  (IV)
E x traction  w ith  th e  th ree  so lv e n ts  w as  very  poo r.
b .  W ith iron  (III) or bo ra te
Extent of ex trac tio n  w as only  s lig h tly  b e tte r  th an  w ith  th e  preced ing  
sy s te m .
7 . CYANIDE
W hite  p re c ip ita te  w ith  s ilv e r  n itra te  w as  th e  b a s is  of q u a lita tiv e  
t e s t .  S tripp ings from th e  th ree  so lv e n ts  w ere made a c id ic  w ith  d ilu te  
n itr ic  a c id  and th e n  tre a te d  w ith  d ilu te  s ilv e r  n itra te , 
a .  W ith cadm ium
MiBK g av e  a b e tte r  re s u lt  th an  e ith e r  d ie th y l e th er or e th y l a c e ta te .
23
1:1 m ixtures of TBP and each  of th e  so lv en ts  u sed  In th e  p resen t 
survey  w ere rem arkably e f f ic ie n t.
The follow ing an ions w ere a ls o  shown by spo t te s t s  to  be  ex trac ted  
using  th e  ca tio n s  and so lv en ts  in d ica ted  o pposite  them :
8 . BORATE -  w ith  fluoride In ac id  medium and d ie th y l e th e r .
Procedure For D etec tio n  (9):
A few drops of th e  aqueous so lu tion  con tain ing  boron recovered  from 
th e  organic so lv en t w ere tre a ted  in a p o rce la in  c ru c ib le  w ith  a very sm all 
quan tity  of s il ic a  and 2 drops of co n cen tra ted  su lfu ric  a c id . H ea tin g , 
w hich w as done c a re fu lly , w as stopped  w hen fum es of su lfu r triox lde  
w ere ev o lv ed . The re s id u e  w as w ashed  w ith  a few drops of w a te r , and 
th e  w ash in g s w ere u sed  In th e  te s t  for b o ra te .
A drop of th e  bo rate  so lu tio n , ac id ified  w ith  hydrochloric a c id , w as 
p laced  on curcum a paper and dried  a t 100°C . A red-brow n fleck  w hich 
turned  b lue to  g reen ish -b lack  on trea tm en t w ith  1 % sodium hydroxide 
show ed th e  p resen ce  of boric a c id .
Curcum a paper w as prepared by soaking q u an tita tiv e  f ilte r  paper 
in  tin c tu re  of curcum a and drying i t .  T incture of curcum a w as prepared 
by boiling  20 gram s of curcum a w ith  50 m is . of a lc o h o l, filte ring  th e  
re su ltin g  m ixture and d ilu ting  th e  f iltra te  w ith  50 m is . of w a te r .
9 . OXALATE -  w ith iron (III) In a c id ic  medium and d ie th y l e th e r .
The deco lo riz ing  ac tio n  of o x a la te  on d ilu te  po tassium  perm an­
g an a te  in  ac id  medium w as u sed  to  d e te c t th e  an io n .
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10. . ORTHOPHOSPHATE -  with iron (m ) in a d d le  medium and diethyl 
t th a r  or isopropyl e ther.
Proooduro For Detection (25) t
Tho reagent w ot prepared by dissolving 10 grams of N*2Mo0 4 «2H20 
In 26 m is. of wator and than adding 11 mis* of oonoantmtad hydroohlorio 
sold and 10 m is. of oonosntratad nitric sold* Anothar solution was pro- 
parad oomposad of 1.4 mis* of qulnollna In a mlxtura of 15 m is. w ater,
7 mis* oonosntratad hydroohlorio sold# and € mis* oonosntratad nltrlo 
sold* Tho two solutions wars than mixed, and 60 mis* of w atsr wars 
addad. Tha rasulting mlxtura w as flltarad . Tha filtra te  was usad to  ta s t  
for orthophosphata in tha ring* A bright yallow ring davalopad In tha  
prssanoa of orthophosphata*
11* THIOSULFATE -  with sllvar (I) In vary slightly aoldlo madlum, and 
dlathyl athar or lx l M1BK-TBP.
Thlosulfata was datactad by tha  lodlna-aslda raaotlon (9) • On 
mixing a drop of tha ta s t  solution recovered from tha extracts with a drop 
of lodlne-sodlum aside solution, decolorlsatlon with concomittant forma­
tion of bubbles ensued in tha presence of thlosulfata*
Tha lodlne-sodlum aside solution was prepared by dissolving 
1 gram of sodium aside in 100 mis* of 0 .1  N Iodine solution.
12* SULFITE -  with chromium (HI) In neutral solution and dlathyl ether. 
Test By Decolorlsatlon of M alachite Green (9)t 
Spotting of the ring deposit on the filter paper with 2% malachite
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g reen  so lu tion  gave a c o lo rle s s  ring In d ica tiv e  of th e  p resen ce  of s u lf i te .
13 . NITRITE -  w ith  co b a lt (n) in  neu tra l so lu tio n  and d ie th y l e th e r .
Spot T est:
To th e  d ep o s it on th e  f ilte r  p ap e r, a  drop of a 1:1 m ixture of s u l -  
fan ilic  ac id  and a lo h a -naphthvlam lne w as ad d e d . A pink ring show ed th e  
p re sen ce  of n i tr i te .
14 • FERROCYANIDE -  w ith  th e  H+ and d ie th y l e th e r .
Spot T est:
A b lue ring w as produced upon add ition  of a drop of d ilu te  iron (III) 
n itra te  so lu tion  to  th e  d ep o s it formed in  th e  ring o v en .
A ta b le  sum m arising th e  re s u lts  of th e  q u a lita tiv e  survey on th e  
e x tra c ta b ility  of an ions Is now p re se n te d .
TABLE I
E xtraction  of Anions -  A Q u a lita tiv e  Survey
M eaning of sym bols:
an ion  ex trac ted  a s  shown by spo t te s t  
o , an ion not ex trac ted  
+ , an ion  ex trac te d  s lig h tly  
++, anion  ex trac ted  m oderately 
+++, an ion  ex trac ted  very e ffic ien tly
Ether MIBK Ethvl A cetate
1 .  CHLORIDE
a .  Hg(ll) ++ +++ +++
b* Fe(III) ++ ++ ++
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c .  Sb(V)
d . Au(III)
e .  Cd
2 . BROMIDE
a .  H<j(II)
b. Fe(ni)
c .  Au(IIl)
d .  Cd 
3* IODIDE
a .  Hg(II)
b. Sb(in)
c .  PbdD
d . Au(m )
e .  Cd
4 . THIOCYANATE
a .  Hg(II)
b .  Fe(IIl)
c .  SndV)
d . Zn






















a .  Ce(IV)
b .  Au(m)
c .  U(VD
6 . FLUORIDE
a .  Fa (III)
b .  Sn(IV)
c .  B(m)
—  7 . CYANIDE
a .  Cd
6 . BORATE 
a .  F
9 . OXALATE 
a .  Fe(III)
10. ORTHOPHOSPHATE
a .  Fe(IIl)
11 . THIOSULFATE
a .  Ag(I)
12. SULFITE
a .  Cr(III)
13. NITRITE
a .  Co(II)
14. FERROCYANIDE
TABLE I (continued)




+ +  +
+ +  +
+ + +
+ +++ +
I I .  EXPERIMENTAL (continued)
B. STUDY OF A SPECIFIC SYSTEM -  EXTRACTION OF IODIDE 
REAGENTS USED
1. Cadmium m etal, mosey
2 . Cadmium Iodide (wide range of concentrations)
3 . Carbon te trach lo ride  
4 • Chloroform
5 . D lth lsone (5 m gs. per 100 m is. of chloroform)
6 . Ethyl a lco h o l, 95%
7 . H ydrochloric a c id , 12 N
8 . Hydroxy lam ina hydrochloride, 20%
9 . 8 -hydroxyqulnollne (2 gram s per 100 m is . of alcohol)
10. MIBK
11. N itric  a c id , 16 N
12. Potassium  lo d a te , 0 .1  N
13. Potassium  perm anganate, sa tu ra ted  so lu tion
14. S alicy lic  ac id
15. S ilver n itra te , 0 .1  N
16. Sodium hydroxide (0 .1  N , 2%, 1 N , 10%)
17. Sodium n itr ite , 1 .5  M
18. Sodium potassium  ta r tra te , 20%
19. Sodium th lo s u lfa te , 0 .05  N
20 . S tarch , 0.25%
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2 1 . Sulfuric ac id  (wide range of concen tra tions)
22 . Trlbutyl phosphate
2 3 . U rea , 5 M
1 . EXPERIMENTAL PROCEDURES
a .  PREPARATION OF SOLUTIONS 
L • Cadmium Io d id e , 0 . OS M
Approximately 18 gram s of cadmium iodide w ere d isso lv ed  in 
w a te r, and the  so lu tion  w as d ilu ted  to  one l i te r .
By su c c e ss iv e  d ilu tio n s , 0 .03  M , 0 .01  M , 0 .006  M , 0 .003 M , 
and 0 .001 M so lu tions w ere p repared .
2 . Cadmium Iod ide, 0 .1  M
To th e  so lu tion  contain ing  36*38 gram s of cadmium io d id e , 3 
drops of 6  N su lfu ric  ac id  w ere added to  opunteract h y d ro ly sis . For buffer­
ing a c tio n , a gram of sodium a c e ta te  w as d isso lv ed  in  the  so lu tio n . The 
pH of th e  so lu tion  w as 5 .1 .  There w as no evidence of iod ide oxidation 
even after a month of s tan d in g .
3 . Cadmium n itra te  so lu tion
Approximately 35 grams of m ossy cadmium m etal w ere trea ted  
w ith  concen tra ted  n itric  ac id  (approxim ately 1 0 0  m is .) un til so lu tion  w as 
com plete . Then from 10-15 m is . of 5 M urea w ere added to  destroy  
oxides of n itrogen . The resu lting  c lea r  liquid  w as d ilu ted  to  500 m is . 
to  g ive a final so lu tion  containing about 70 m gs. of cadmium per m illilite r . 
S tandard ization  w as made by th e  gravim etric ox lnate  procedure.
4 , S tandard P o tassium  lo d a te  Solution
Tan gram a of po taaslum  lo d a ta  p rev iously  dried  for an  hour a t 
150°-160°C  w ere  w eighed  to  th e  n e a re s t m illigram  and  d isso lv ed  in  w a te r . 
The so lu tio n  w as th en  d ilu ted  to  2 l i t e r s .
5 • Sodium T h losu lfa ta  Stock Solution
T w enty-five gram s of sodium  th lo su lfa ta  pen tahydra te  w ere 
d isso lv ed  in  enough p rev iously  b o iled  w a te r  for a l i te r  of so lu tio n . A 
cen tig ram  of sodium  ca rb o n a te  w as added a s  p re se rv a tiv e . For th e  p rep ara ­
tio n  of 0 .0 5  N so lu tio n , eq u a l volum es of stock  so lu tio n  and p rev iously  
bo iled  d is t i l le d  w ate r w ere  m ixed .
6  • S tarch  In d ica to r Solution
8 ta rc h  p a s te  con tain ing  1 . 2  gram s of s ta rch  w as ad d ed , w ith  
v igorous s tir r in g , Into 500 m is . of boiling  w a te r . O n e-h a lf  gram of 
s a lic y lic  a d d  w as added a s  p re s e rv a tiv e .
7 ,  TBP-MIBK (1:1)
Equal volum es of m ethyl lso b u ty l ketone and tr lb u ty l phosphate  
w ere  m ixed.
b .  STANDARDIZATION OF CADMIUM NITRATE (12)
Five m illilite rs  of th e  cadm ium  n itra te  so lu tio n  w ere p ip e tted  
in to  a  250-m l. b e a k e r . Sodium ca rb o n a te  so lu tio n  w as added drop by 
drop u n til a s lig h t tu rb id ity  w as o b ta in ed . The p re c ip ita te  w as d isso lv ed  
by th e  ad d itio n  of 1:1 a c e tic  ac id  drop by drop . A so lu tio n  of 3 -5  gram s 
of sodium  a c e ta te  in  a sm all volume of w ate r w as poured ca re fu lly  in to  
th e  c le a r  so lu tio n  in  th e  b e a k e r . Cadmium w as p rec ip ita ted  a s  th e  bright
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yellow  oxinate  w ith a s lig h t e x c e ss  of 2% oxlne in  95% ethy l alcohol*
The mixture w as d igested  on an  e lec tr ic  hot p la te  and subsequen tly  
f ilte red  under suction  through a  sin te red  g la s s  crucible* The p rec ip ita te  
w as w ashed  f irs t w ith warm w a te r, then  w ith  co ld  w a te r . The cadmium 
ox inate  w as dried to  co n stan t w eight a t 150°-160°C . The w eight of th e  
p rec ip ita te  m ultiplied by th e  chem ical fac to r, 0 .2 8 1 , gave the  w eight of 
cadmium in  5 mis* of cadmium n itra te  solution*
c* COMPARISON OF CADMIUM IODIDE AND STANDARD POTASSIUM
IODATE SOLUTIONS
Ten m illilite rs  of cadmium Iodide so lu tion  w ere p ipe tted  Into a 
1- l i t e r  Erlenmeyer f la s k . Sixty m illilite rs  of 1 N sodium hydroxide w ere 
added , and the  so lu tion  w as d ilu ted  to  about 120 m is . The so lu tio n , 
a fte r being cooled  in  lc e -w a te r , w as made 6  N In hydrochloric a d d  by 
th e  add ition  of enough of th e  concen trated  acid* Twenty m illilite rs  of 
carbon te trach lo rid e  w ere added as  Ind ica to r. S tandard potassium  lodate 
w as m easured from a buret Into the  so lu tion  w ith  vigorous shaking* At 
th e  end po in t, the  fa in t pink carbon te trach lo ride  lay er turned c o lo r le s s .
The Iodide t i te r  of th e  standard  po tassium  loda te  w as c a lc u la te d ,
d .  COMPARISON OF SODIUM THIOSULFATE AND STANDARD
POTASSIUM IODATE SOLUTIONS
Approximately 10 m is . of po tassium  lodate  w ere transferred  from 
a buret in to  a 250-m l. iod ine f la s k . Ten m illilite rs  of 1 N su lfu ric  a c id , 
50 m is . of w a te r, and 10 m is . of 10% potassium  Iodide w ere added in 
th a t o rder. The solu tion  w as titra ted  w ith sodium th lo su lfa te . One m l.
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of 0 .1  N silv er n itra te  w as added midway In th e  titra tio n  to  sharpen th e  
endpoint w ith  s ta rch  so lu tion  (4).
The iodine ti te r  of th e  sodium th lo su lfa te  so lu tion  w as c a lc u la te d .
e .  SPECTROPHOTOMETRIC DETERMINATION OF CADMIUM
Suitable a liquo ts  of cadmium iodide so lu tion  containing 7-25 
micrograms of cadmium w ere u se d . Two m illilite rs  of 20% hydroxylam ine 
hydrochloride and 3 m is . of 20% sodium potassium  ta rtra te  w ere added and 
th e  resu lting  so lu tion  d ilu ted  w ith  an  equal volume of 1 0 % sodium hy­
d rox ide . Small volum es of d lth izone in  chloroform w ere used  to  ex tract 
cadmium a s  th e  d ith lso n a te . A co lo rle ss  chloroform layer signa lled  the 
end of th e  ex trac tio n .
The com bined ex tra c ts  in  another separatory  funnel w ere w ashed  
tw ice w ith 10 m is . of 2% sodium hydroxide. F inally / th e  ex tract w as 
shaken  w ith 10 m is. of w ater ac id ified  w ith 2 drops of 6  N hydrochloric 
a c id . The green chloroform layer w as transferred  in to  a 5 0 -ml. vo l­
um etric flask  and d ilu ted  to  the  mark w ith chloroform . The absorbancy 
w as read a t 600 nyi and s l i t  w idth of 0.0375 mm. w ith  a Beckman DU 
Spectrophotom eter.
f .  DETERMINATION OF SEMI-MICRO QUANTITIES OF IODIDE
A 1 0 -m illllite r so lu tion  of iodide in an iodine flask  w as trea ted  
w ith a few m illilite rs  of 1 0 % sodium hydroxide before d ilu tion  to  about 
50 m is . An ex c ess  of sa tu ra ted  potassium  perm anganate so lu tion  w as 
added / and the  mixture w as kept simmering for about 5 m in u tes . W hen 
the  mixture had cooled  a l i t t le ,  2-3 m is . of 1:1 sulfuric ac id  were poured
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in  to  acid ify  tho  m ixture. Addition of 1.5  M sodium n itrite  drop by drop 
d irec tly  in to  th e  colored so lu tion  resu lted  in  d eco lo rlsa tlo n . The c lea r  
so lu tion  w as s e t  a s id e  to  coo l before th e  titra tio n  w ith  standard  sodium 
th lo su lfa ta  w as done.
g .  EXTRACTION OF IODIDE
Ten m illilite rs  of cadmium iodide so lu tion  w ere p ipe tted  in to  a 
60 -m l. separato ry  fu n n el. D ilu te  su lfu ric  ac id  w as th en  added to  bring— 
the  so lu tion  to  th e  d es ired  pH . To th is  ac id ified  so lu tio n , an equal 
volume of 1:1 TBP-MXBK w as added , and th e  mixture shaken  for about 
th irty  seconds to  in su re  co n tac t betw een th e  tw o im m iscible liq u id s .
The separatory  funnel contain ing  th e  mixture w as im m ersed in  a  therm ostat 
kept a t 30°C , w here th e  system  w as allow ed to  come to  equilibrium .
After equ ilib ra tion , th e  non-aqueous layer w as trea ted  w ith 
2 0  m is . of carbon te tra ch lo rid e , and the  mixture then  shaken w ith 2 0  
m is. of 1 N sodium hydroxide to  recover the  cadmium and io d id e . Copious 
p rec ip ita tion  of w hite cadmium hydroxide re su lte d , and th e  Iodine w as re ­
le a se d  in  th e  form of I* , p o ssib ly  including sm all am ounts of OX~.
The C C I4 -MIBK-TBP lay er w as w ashed  tw ice  w ith  20 -m l. por­
tio n s of 1 N sodium hydroxide, and th e  w ash ings w ere com bined w ith 
th e  f irs t one contain ing  th e  cadmium hydroxide p re c ip ita te . This mixture 
w as made 6  N in  regard to  hydrochloric a c id , and th e  iodide determ ined
by a conventional iod ine m onochloride procedure.
►
Cadmium w as determ ined in  the  aqueous lay e r by u se  of a 
d lth laone ex trac tion  procedure (II-B , l e ,  p . 32) on su itab le  aliquo ts
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of th e  so lu tion . The cadmium In the  non-aqueous layer and th e  unex­
trac ted  Iodide w ere obtained by d ifference .
Cadmium Iodide so lu tions used  for th e  In itia l concentration 
s tud ies w ere standardised  by hot perm anganate oxidation of th e  iodide 
followed by th io su lfa te  titra tio n  (n -B , 1 f; I I-  B, I d ) .
2 . VARIOUS FACTORS INVOLVED IN THE DETERMINATION OF IODIDE 
BY EXTRACTION
C areful consideration  of the  re su lts  of the qualita tive  survey and 
other factors led  to  th e  dec ision  to  in v estig a te  the ex traction  of iodide 
In d e ta il . The qualita tive  survey showed th a t sev era l ca tions could be 
used in the formation of the  uncharged ex tractab le s p e c ie s . However, 
the  p rec ip ita te  formed w ith lead  (II), mercury (II), and antimony (III) 
made c lean  separation  of th e  layers d ifficult and argued aga inst th e se  
m etal Io n s . Mercury (II) had another lim itation: percentage extraction 
drops considerably  (23) a s  th e  Hg:I ratio  dev ia tes from th e  1:2 optimum. 
For obvious economic reaso n s , gold (III) elim inated its e lf  from serious 
considera tion . Only cadmium rem ained: it w as ch o sen .
Cadmium has severa l advantages over th e  other metal iciis mentioned 
above . Its  Iodide not only d isso lv es  in w ater read ily  to  give reasonably  
stab le  so lu tio n s, but i t  is  a lso  non-hygroscoplc. Cadmium iodide can 
be dried a t 100-110°C , and therefo re , standard solutions can be pre­
pared from accurate ly  w eighed sam p les .
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a .  CHOICE OF 80LVENTS
W aat and Tron (23) found th a t a mixture of TBP and ethyl ace ta te  
gave eaaen tla lly  com plete extraction  of th e  halides of mercury in a sing le  
p a s s .  After a com parison of th e  re la tiv e  m erits of the  so lven ts used  in 
th e  q u a lita tiv e  survey ind iv idually , and th e ir  separa te  mixtures w ith 
TBP, a 1:1 TBP-M1BK mixture w as se lec ted  because of i ts  ex tractive 
efficiency  and i ts  re la tiv e  in sen sitiv ity  to  changes in  ac id ity .
b .  JtBCOVERY OF IODIDE
For the  recovery of ex tracted  iod ide , the  usual techniques used 
in  ex trac tion , such as  shaking the non-aqueous layer w ith d ilu te  ac ids 
or d ilu te  b a s e s , w ere tr ied  and found in e ffec tiv e . F inally , a new ap­
proach w as in troduced, th a t of adding a third so lv en t, m lsclble with 
the  non-aqueous so lven ts but very poor a t ex tracting io d id e . The addi­
tion  of about tw ice a s  much carbon te trach loride  a s  the  volume of the 
TBP-M1BK layer produced dram atic r e s u l ts . A yellow  color developed 
after a minute o r two of stand ing . At th is  po in t, addition of sodium 
hydroxide gave a tw o-phase  system  composed of an upper aqueous layer 
and a  low er non-aqueous la y e r. A large proportion of carbon te tra ­
chloride had made th e  non-aqueous phase the  more dense o n e . After a 
minute of vigorous shak ing , a w hite p recip ita te  of cadmium hydroxide 
formed in the aqueous p h ase , and the  yellow color d isappeared from the 
TBP-M1BX-CC14  la y e r. The recovery of the Iodide from the  non-aqueous 
phase by the  so lven t displacem ent technique Just outlined proved to  be 
remarkably e ff ic ien t. It Is of in te re s t to  note th a t th is  Is a reverse of
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th e  e s tab lish ed  p rac tice  of using so lven t m ixtures to  effec t In crease  In 
so lven t ex trac tion  e f f ic ie n c ie s .
c .  EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE 
RECOVERY OF IODIDE
Recovery of th e  ex trac ted  Iodide w as tried  w ith various sodium 
hydroxide so lu tio n s . The re su lts  a re  ind ica ted  In th e  ta b le  below .
TABLE II
Effect of NaOH C oncentration  on th e  Recovery of Iodide 
NaOH Solution fffretO ttflS .RtgflYtty
60 m is . of 0 .1  N NaOH 93
60 m is . of 1 N NaOH 95
20 m is . of 10% NaOH
40 m is . of 2% NaOH 9 3
The foregoing d a ta  suggested  th e  u se  of 1 N NaOH. Stripping w as done 
w ith th ree  2 0 -m l. volum es of b a s e . The recovery per 20 -m l. of 1 N NaOH 
Is summarized below:
Volume of 1 N NaOH Percentage Recovery
20 m is . 93
40 m is. 94
60 m is . 95
D ata w ill be p resen ted  la te r  showing th a t 95% rep resen ts  e s sen tia lly  
com plete recovery of th e  ex trac ted  iodide (see Tables XIV-D/ E, F of 
the Appendix) .
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d . EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE 
TITRATION OF IODIDE
The effec t of sodium hydroxide on th e  titra tio n  of Iodide w ith 
po tassium  loda te  ( n - B ,  1c, p . 3 1 )  w as stud ied  n ex t. The following ta b le  
diows th a t w hile moderate am ounts of b a se  can  be to le ra te d , th e  p resence  
of la rger q u an titie s  c a u se s  higher v a lu es for the  Io d id e .
TABLE III
Effect of NaOH C oncentration  on th e  T itration of Iodide
Solution ja w iFpunfl (Mflii) f tih ttv f  Brcac
1 0  m is . C d l2
6 6  m is . w ater 123.5
76 m is . co n c . HC1
1 0  m is . C d l2
5 .5  m is . w ater
123.8 0.24%
60 m is . 0 .1  N NaOH
76.5  m is . co n c . HC1
10 m is. C d l2 
1 m l. w ater
123.6 0.24%
60 m is . I N  NaOH
81 m is . co n c . HC1
10 m is . C d l2 
20 m is . 10% NaOH
126.2 2.1%
40 mis * 2% NaOH
82 m is . co n c . HC1
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Apparently, th e  p resen ce  of to o  much sodium ch lo ride  slow s down th e  
reac tio n  betw een  th e  lo d a te  and th e  Iodide o r Iodine •
e .  EQUILIBRATION TIME AND PERCENTAGE EXTRACTION
The re la tio n  betw een  th e  eq u ilib ra tio n  tim e and p ercen tage  
ex trac tio n  w as stu d ied  using  tim e In te rv a ls  d iffering by h a lf  an  hour.
On th e  b a s is  of th e  re s u lts  show n below , an  eq u ilib ra tio n  tim e of one hour 
w as c h o se n .
TABLE IV
E quilib ration  Time and P ercen tage E xtraction  
Time Iodide P resen t teflldff % E xtraction
1 / 2  hour 132 m gs. 125 m gs. 95
1  hour 132 m gs. 126 m gs. 96
1  1 / 2  hours 139 m gs. 133 m gs. 96
2  hours 139 m gs. 132 m gs. 95
2  1 / 2  hours 139 m gs. 132 m gs. 95
3 hours 139 m gs. 131 m gs. 94
The v a lu e s  ob ta ined  for a if 1 hour w ere re la tiv e ly  le s s  
e r ra tic , although even  that for 1/2 hcui w as not b a d . As a m atter of 
f a c t ,  any tim e In terval betw een  1 / 2  hour and 2  1 / 2  hours could  be u se d .
A tm ospheric ox ida tion  of th e  Iodide In th e  TBP-M1BK la y e r , a s  
ev idenced  by Its  yellow  co lo r w hich deepened  w ith  tim e , and th e  sub­
seq u en t lo s s  of th e  iod ine  w ere probably re sp o n sib le  for th e  d e c re a se  in  
p ercen tag e  ex trac tio n  w ith  tim e of e q u ilib ra tio n .
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3 . SOURCES OF ERROR
The p rincipa l source  of error w as th e  sep a ra tio n  of th e  tw o p h a s e s . 
This operation  might be re sp o n s ib le  for an  error of about 2 per c e n t .
The spectrophotom etrlc  determ ination  of cadmium w as ano ther 
source of error (—2 per c e n t) . So lu tions had  to  be  d ilu ted  se v e ra l tim es  to  
g e t them  in to  th e  microgram ra n g e , and th e n , only a few m illilite rs  of th e  
fin a l so lu tion  w ere u sed  in  th e  spectrophotom etrlc  d e term ination .
The atm ospheric ox ida tion  of th e  iod ide w as a lready  m en tioned .
As th e  pH of th e  so lu tion  w as In c re a se d , th is  error becam e sm a lle r, b e ­
c a u se  ox idation  w as l e s s .
Solving for th e  Iodide in  th e  aqueous lay e r and th e  cadmium in  
th e  non-aqueous lay er w as a lso  su b jec t to  e rro r. The d e c is io n  to  do it  
by d ifference cam e a fte r m aterial b a lan ce  c a lcu la tio n s  for som e sam ples 
did not show g rea t e rro r. There seem ed to  be  no po in t In going through 
a w hole s e r ie s  of tim e-consum ing  opera tions th a t w ould g ive  a v a lu e  not 
much different from th a t e a s ily  o b ta in ab le  by d iffe ren ce .
4 . THE HYDROGEN ION CONCENTRATION
TABLE V
Effect of Hydrogen Ion C oncen tra tion  on th e  E xtraction  of Iodide
__________________ Eli________________ .
0 .3 0 . 6 _L _2 _ _2 _ _6 _
P ercen tage I Extracted 96 95 95 94 94 94
P ercen tage Cd E xtracted 6 8 70 82 93 95 96
C d /I  M ole Ratio In  Extract 1 / 2 . 8 1 /2 .7 1 /2 .4 1 / 2 1 / 2 1 / 2
pH of Aqueous P hase + 0 . 2 + 0 . 1 + 0 . 1 + 0.5 + 0 .3 -3 .2
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As shown in  Table V, th e  system  w as not very se n s itiv e  to  
changes in  pH . A tw en ty -fo ld  change in  pH (0 .3  to  6 ) occasioned  only 
about 2  per cen t d ec rease  in  the  iodide ex tra c te d .
At pH va lu es le s s  than  0 .3 ,  the re  w as ex ten siv e  atm ospheric 
oxidation  of th e  io d id e . On th e  o ther hand , sta rtin g  a t pH 2 , a  w h itish  
em ulsion formed In th e  non-aqueous lay er w ith  sh ak in g , w hich took 
longer to  break w ith further In crease  In pH .
A yellow  tinge w as observed in  the  aqueous lay er of th e  system  
a t pH 6 , w hich could only  be In terpreted  as  evldenoe of oxidation  of th e  
Io d id e . It is  w ell known th a t a d d le  iodide so lu tions turn  yellow  b ecau se  
of th e  p resence  of free iodine re le a se d  by th e  ac tion  of e ith er atm ospheric 
or d isso lv ed  oxygen. The fina l pH («^3) of th e  aqueous p h a se , how ever, 
w as qu ite  high for oxidation  to  occur ap p rec iab ly . The only like ly  ex ­
p lanation  w as the  p resence  of lo ca lized  reg ions of low pH w here ox ida­
tion  of the  iodide by d isso lv ed  oxygen w as ap p rec iab le .
U nless o therw ise s ta te d , th e  In itia l concen tration  of the 
cadmium iodide so lu tion  w as approxim ately 0 .05  M ^he tem perature,
30°C , and the pH of the  so lu tio n , 0 .6 .
5 . THE CADMIUM TO IODIDE MOLAR RATIO
If any m etal ion is  to  be of p rac tica l u se  in  th e  separa tion  of 
an ions by so lven t ex trac tio n , i ts  p resen ce  in  e x c e ss  should not appre­
c iab ly  d ec rease  th e  ex trac tion  e ffic ien cy . Fortunately , the  cadmium ion 
proved to  be very sa tis fac to ry  for iodide ex trac tions when considered  on 
th is  b a s is .
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TABLE VI
E ffect of In itia l  C d /I  M ole R atio  on th e  E x trac tion  of Iod ide
C d A  M ole R atio  In A queous P h ase
l / l 1 /1 l / l A /1
P ercen tag e  I E x tracted 95 95 92 89
P ercen tag e  Cd E x tracted 70 50 24 2 0
C d/1  M ole R atio  in  E xtract 1 /2 .7 1 / 1 . 8 1 /1 .9 1 /1 .3
6 . THE INITIAL CONCENTRATION OF THE CADMIUM IODIDE
The d a ta  below  show  th a t  s ta rtin g  w ith  so lu tio n  s tren g th s  app rox i­
m ating th o se  u su a lly  en co u n tered  In a n a ly s is  ( 0 .0 5 -0 .1  M ), a lm ost com ­
p le te  se p a ra tio n  of th e  Iod ide  Ion u sin g  cadm ium  a s  th e  co o rd ina ting  
c a tio n  can  be a tta in e d  In th re e  e x tra c t io n s .
TABLE VII
Effect of In itia l  C o n c en tra tio n  of C d l2  on th e  E x trac tion  o f Iod ide
 In it ia l  C o n cen tra tio n  of Cadm ium  Iodide______
0 .0 0 1  0 .0 0 3  0 .0 0 6  0 .0 1  0 .0 3  0 .05  0 .1  M
P ercen tag e
I E x tracted  61 77 87 91 95 95 96
P ercen tag e
Cd E x tracted  60 53 6 6  69 70 70 75
C d /I  M ole Ratio
in  E x tract 1 /2  1 /3 .7  1 /2 .6  1 /2 .7  1/2.7 1 /2 .7  1 /2 .6
It c a n  be se e n  th a t  ex tra c tio n  i s  s t i l l  ap p re c ia b le  even  for so lu ­
tio n s  a s  d ilu te  a s  0 .0 0 6  M . The d a ta  above w ere o b ta in ed  a t 30°C  and
pH 0 .6 .  G re a te r  e f f ic ie n c ie s  shou ld  r e s u lt  a t  h ig h e r a c id i t ie s .
7 . EFFECT OF TEMPERATURE
B ecause the  so lven t mixture Is inflam m able, th e  study of 
tem perature e ffec ts  w as not extended beyond 4 0 °C . M oreover, the 
system  (assum ing th a t th e  sm all d iffe ren ces , w hich are sm aller than  the 
experim ental error, are sign ifican t) seem s to  behave in  accordance w ith 
BJerrum's th eo ry . For so lven ts  of low d ie lec tric  co n s tan t, theory  p re­
d ic ts  a d ec rease  in  ion a s so c ia tio n  w ith  In crease  In tem pera tu re . S ince 
th e  ex trac tab le  sp ec ie s  are presum ably Ion a s so c ia tio n  com plexes, the
d ec rease  in  percentage iodide ex trac ted  a s  th e  tem perature in c rease s  to 
o
40 C is  in agreem ent w ith th eo ry .
TABLE VIII
Effect of Tem perature on the  E xtraction of Iodide
1(0 Icn 1 o
Temperature
30° 40° C
Percentage I Extracted 97 95 94
Percentage Cd Extracted 68 70 68
C d/I Mole Ratio in Extract 1 /2 .9 1 /2 .7 1/2 .8
8 . SELECTIVITY
A q u a lita tiv e  survey of the  common an ions w as conducted to  
find out w hich of them  would be ex tracted  under the same co n d itio n s . 
Varying degrees of ex trac tab ility  w ere encountered  and may be c la s s if ie d  
according to  th e  following groups:
1. Anions th a t w ere ex trac ted  w ith approxim ately th e  same
efficiency  as  the  iodide:
CNS" and CN~
2 . Anions ex tracted  to  a  m oderate degree:
C l~ , Br“ , C 2 0 4  , and NO3
3 • Anions th a t w ere ex trac ted  very poorly or not a t a ll: 
F“ , S2 O j“ , 804 " ,  P O j3 , Ac- / S“ , F®(CN)“ 4 , 
and BOj3
No evidence of coextrao tlon  w as found.
III . DISCUSSION OF RESULTS
Cadmium Iodide so lu tio n s are  known to  co n ta in  th e  follow ing 
ion ic  and m olecular sp e c ie s : C d**, C dl+ , C d l2 / C d l^ , C d l4 , and I~ .
The sim ple cadmium and iod ide ions are  probably found only in  n eg lig ib le  
am o u n ts , s in c e  cadmium iodide is  a w eak e le c tro ly te , excep t in  very 
d ilu te  so lu tions (18). W orking w ith  neu tra l so lu tio n s of ion ic strength  
of 3 , Leden (13) found th e  iod ide com plexes of cadmium p resen t in th e  
follow ing d ec reasin g  order of abundance: C d l^~ , C d g , C d l2 , and C dl+ . 
A lberty and King (1), on th e  o ther h an d , ob ta ined  from m obility d a ta , 
using  so lu tions of ion ic  streng th  of 0 .5  and to ta l  iod ide concen tra tion  
of 0 .1  M , th e  follow ing v a lu es  for th e  cadmium iodide com plexes:
C d l4“   62 per cen t
C d lJ   16 per cen t
C d ^   . . 1 2  per cen t
C dl+ .................................... 6  per cen t
Cd++ ................................. neg lig ib le
Their graphs of frac tion  of com plex v s . to ta l iod ide concen tra tion  from 
w here th e  above v a lu es  w ere ob tained  show ed th a t th e  re la tiv e  am ounts 
of th e  d ifferen t com plexes varied  w ith  the  to ta l iod ide co n cen tra tio n . 
H arris (11) reported  from Ion exchange ex p erim en ts , using  0 .0666 M 
C d l2 , th e  p resen ce  of C d l4” , C d l2 , C d l^ , and C dl+ , in  th a t in c reasin g  
order of ab u n d an ce .
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In th e  p re se n t s tu d ie s  th e  so lu tio n s  w ere  a c id ic .  U ndoub ted ly , 
a l l  th e  d iffe ren t com plexes of cadm ium  w ith  io d id e  w ould s t i l l  be p re s e n t .  
The q u e s tio n  i s  w h ich  forms p redom inate over th e  o th e rs  ? For s im p lic ity , 
th e  form ulas of th e  cadm ium  iod ide  com plex io n s w ere  w ritten  u n h y d ra ted , 
a lthough  i t  i s  known th a t  m o lecu les of w a te r  a re  co o rd in a ted  to  th e  
c e n tra l io n . Cadm ium  Io d id e , for ex am p le , i s  re a lly  C d f f ^ O ) ^ *  W ith 
th is  In m ind, i t  Is  p o s s ib le  th a t th e  ad d itio n  of hydrogen io n s , w hich  
h av e  a  g rea t a ffin ity  for w a te r  m o le cu le s , m akes i t  re la tiv e ly  e a s ie r  for 
th e  co o rd in a ted  w a te r  to  le a v e  th e  sp h ere  of In fluence  of th e  c e n tra l 
m etal ion  and for th e  sim ple io d id e  io n s to  ta k e  over th e  v a c a te d  p o s i­
t io n s .  In so lu tio n s  of low pH , say  0 .3  or 0 .6 ,  th e  p rin c ip a l cadm i'im  
iod ide  com plexes a re  p ro b ab ly , in  d ec re a s in g  o rder of ab u n d an ce , C d lJ , 
C d l2  and  C d ^ ” . At h igher pH v a lu e s ,  th e  follow ing are  probably  p resen t 
to  a g re a te r  degree : C d l2 , and C d l+ . The d a ta  in  T able V poin t to  th e  
follow ing a s  th e  uncharged  sp e c ie s  ex tra c te d  from so lu tio n s  of low pH: 
(H+ , C d l p ,  C d l2 , and (2H+ , C d lJ" )
The In c rea se d  p a rtic ip a tio n  of th e  la s t  nam ed ion  a s s o c ia tio n  com plex  
should  be ex p ec te d  w ith  fu rther In c re a se  in  a c id i ty .  From pH 2 on up 
to  h igher pH v a lu e s ,  th e  ex trac ted  s p e c ie s  a re  probably  C d l2 , and 
(Cdl+ , OH” ) w ith  th e  la t te r  making i ts  g re a te s t  p a rtic ip a tio n  a t pH 6  a s  
ev id en ced  by th e  In c re a se  in  th e  a c id ity  of th e  aqueous p h a s e , an  in ­
c re a s e  w hich  is  to o  g rea t to  a ttr ib u te  to  an en h an ced  so lu b ility  of w a te r 
in th e  TBP-MiBK p h a s e .
The re la tiv e  in s e n s it iv ity  to  pH change may be due to  th e  ex is tin g
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equilibria among the different com plexes of cadmium and Iodide which 
allow lnterconverslon from one major Ionic sp ec ie s  to  another one tha t 
can form an uncharged ex tractab le complex at the  new pH .
As long a s  the higher Ion asso c ia tio n  com plexes are the  major 
sp ec ies being ex trac ted , the  extraction  efficiency  of iodide is  h igh . 
Addition of cadmium Ions to  vary the  Cd:I mole ratio  in c reases  the ion is 
strength of the so lu tion , making ex tensive ion asso c ia tio n  p o ss ib le . 
However, the  concurrent chem ical effect lim its th e  Ion asso c ia tio n  to  
the lower com plexes a s  shown by the following equations:
Cd++ + C d lJ"  ■ ■ » 2 C dl2
Cd** + Cdl* -------- » C d l2  + Cdl+
Cd** + C d l2  --------------» 2 Cdl*
The uncharged sp ec ies  being extracted  are probably C dl2 , and
{Cdl+ , N O j), w ith the la tte r  increasing  in Importance with Increase
in Cd:I mole ra tio . The solution added to  Increase the Cd:I mole ratio  
w as cadmium n itrate  which explains the appearance of the nitrate ion 
here . No attem pt w as made to  estim ate the  amount of n itrate ex tracted , 
but its  p resence w as d e tec ted .
The Increase in extraction  w ith in crease  in in itia l concentration 
of the  cadmium iodide solution may be due to  the ion lc-s treng th  and 
m ass-ac tion  e ffe c ts . The former favors io n -asso c ia tio n  complex forma­
tion  w hich, because of the m ass-ac tion  effect and the  presence of 
hydrogen io n s , would in turn favor the higher com plexes, C d lj and 
C d lJ" .
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2 C d l2  --------------------► C d lj  + C dl+
3  C d l2  -------------------- > C d l“  + 2 C dl+
At low er c o n c en tra tio n s , th e  am ount of sim ple cadmium and Iodide ions 
in c re a s e s ,  but ap p a ren tly , enough com plexes a re  s t i l l  p re se n t to  su s ta in  
th e  form ation of ex tra c tab le  sp e c ie s  • The d a ta  In T able VII poin t to  
(2H+, C d IJ“) ,  (H+ , C d ip  and C d l2  a s  th e  predom inant forms being  e x -  
t i c t e d  w ith  th e  p a rtic ip a tio n  of (2H+ , C d lJ" )  reach ing  i ts  peak  a t 0 .003  
M . A pparently , th e  C dl+ io n , w hich is  th e  predom inant com plex a t very 
low cadmium iodide co n c e n tra tio n s , is  u nab le  to  form an  ex trac ta b le  
uncharged ion a s so c ia tio n  com plex , th e  pH of th e  so lu tio n s  (0.6) being 
so  low a s  to  make th e  form ation of (Cdl+ , OH”) h ighly  im probable.
BJerrum 's theory  or Fuoss* Improved theo ry  p red ic ts  th a t an in ­
c re a se  In tem peratu re w ill c a u se  a  d e c re a se  In ion  a s so c ia tio n  In th e  
TBP-M1BK phase . In th e  aqueous la y e r , th e  number of Ion a s so c ia tio n  
com plexes should  in c re a s e . Of th e s e  tw o opposing e f fe c ts ,  th e  data  
seem  to  Ind ica te  predom inance of th e  form er. The sm all change (sm aller 
th an  th e  experim ental error) in  p ercen tag e  ex trac tio n  shown in  Table VIII 
w ith change of tem p era tu re , can  only mean th a t it  is  th e  ex ten t of ion 
a s so c ia tio n  in th e  TBP-M1BK p h ase  th a t is  s ig n ific an t in  determ ining th e  
e ffic ien cy  of e x tra c tio n . The Fuoss equation  may be w ritten  in th e  form:
log K * log A + -XI-
DT
w here log A re p re se n ts  th e  co e ffic ien t of th e  exponen tia l term  and k.', 
th e  co n s tan t € .V k . ch an g es only s lig h tly  w ith  change in tem p era tu re ,
for so lv en ts  of low d ie le c tr ic  c o n s ta n t. H en ce , th e  In c rease  or d ec re a se  
in  ion a s so c ia tio n  in  th e  TBP-MiBK p h ase  m ust be due m ainly to  th e  
change in the tem p era tu re , X* H ow ever, for a change of 10 deg rees in  
£ ,  th e re  w ill only be a sm all change in  log K. This may be the  reaso n  
for th e  sm all d iffe ren ces in  th e  p ercen tag e  of iod ide ex trac ted  a t th e  
th ree  d ifferen t te m p e ra tu re s .
IV. DEVELOPMENT OF A PROCEDURE FOR THE EXTRACTION 
METHOD OF IODIDE DETERMINATION
Aqueous so lu tio n s  of po tassium  Iodide ( t* 0 .1  M ), ac id ified  w ith 
6  N su lfu ric  a c id  to  a  pH of approxim ately  0 .6 ,  w ere u se d .
Before a procedure could  b e  recom m ended, th e  volume of mixed 
so lv e n ts  th a t should  be added for each  p a s s  had  to  be determ ined . The 
follow ing volum e d is trib u tio n s  w ere tr ied ;
1 . Three p a s s e s  of 10 m is . e a c h .
2 . Three p a s s e s  of 5 m is . e a c h .
3 . Ten m illilite rs  for th e  f irs t p a s s  and 5 m is . each  for th e  
second  and th ird  p a s s e s .
The f irs t one w as fin a lly  abandoned b e c a u se  th e  la rge  volum e th a t re ­
su lted  w ith  th e  add ition  of carbon  te tra ch lo rid e  made it  im prac tica l and 
unw ieldy .
The re s u lts  for th e  volume d is trib u tio n s  (2) and (3) are  shown 
below ;
(2) THREE PASSES OF 5 MLS. EACH OF 1:1 TBP-MiBK
Vol. of KIO3  Iodide P resen t Iodide Found % R el. Error
1 . 2 0 .94  m is . 129 m gs. 127 m gs. 1.55
2 . 2 1 . 0 0  m is . 129 m gs. 127 m gs. 1.55
3 . 21.05 m is . 129 m g s . 127 m gs. 1.55
4 . 20 .98  m is . 129 m gs. 127 m gs. 1.55
5 . 20 .89  m is . 129 m gs. 126 m gs. 2.32
6 . 20 .60  m is . 129 m gs. 124 m gs. 3 .88
Av. 20 .91  m is. 126 m gs. 2 .07
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(3) ONE PASS OF 10 MLS* OF 1:1 TBP-M1BK FOLLOWED BY TWO PASSES
OF 5 MLS. EACH
Iodide P resen t ifid idS ^ound % R el. Error
1 . 20 .98  m is . 129 m gs. 127 m gs. 1.55
2 * 2 0 .9 6  m is . 129 m gs. 127 m gs. 1.55
3* 2 1 . 0 0  m is . 129 m gs. 127 m gs. 1.55
4 . 20 .96  m is . 129 m gs. 127 m gs. 1.55
5 . 20 .75  m is . 129 m gs. 125 m gs. 3 .1 0
6 . 21 .03  m is . 129 m gs. 127 m gs. 1.55
k u 20.95  m is . 127 m gs. 1.81
The g rea te r error in  the  f irs t c a s e  may be tra c ed  to  th e  sm aller 
volum e (5 m is .)  of mixed so lv en ts  u se d  in th e  f irs t p a s s .  The u se  of a 
volume of mixed so lv en ts  approxim ately  equal to  th a t of th e  aqueous 
phase  for the  f irs t p a s s  meant re la tiv e ly  sm alle r error b ec au se  of e a s ie r  
separation  of th e  im m iscib le p h a se s .
The follow ing p ro ced u re , b ased  on th e  above re su lts  and on th e  
find ings d e ta iled  in Part II of th is  d is s e r ta tio n , is  recom m ended.
PROCEDURE
Ten m illilite rs  of th e  iod ide (r 0 .1  M) are p ip e tted  in to  a 125-m l. 
separato ry  fu n n e l. One m illilite r  of 0 .5  M cadmium n itra te  and 1 m l. of 
6  N su lfu ric  ac id  are  ad d ed , and th e  so lu tion  is  mixed w e ll . T en  
m illilite rs  of 1:1 TBP-MiBK are  next poured in .  The tw o -p h ase  system  
is  shaken  for th irty  seco n d s before being s e t  a s id e  to  allow  separa tion
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and c la r if ic a tio n  of th e  Im m iscible la y e r s .
The low er aqueous p h ase  is  run Into a  6 0 -m l. separa to ry  funnel 
and  a few drops of 6  N su lfu ric  ac id  ad d ed . The re s id u a l Iod ide i s  ex ­
tra c te d  w ith  two 5 -m l. volum es of th e  mixed so lv e n ts . The 5-m l. ex ­
tr a c ts  v e  com bined w ith  th e  f irs t one in  th e  125-m l. separa to ry  funnel, 
and th e  resu ltin g  m ixture is  d ilu ted  w ith  tw ice  i t s  volum e of carbon 
te tra c h lo r id e .
The Iodide Is recovered  by shaking  th e  TBP-MiBK-CCl4  p h ase  
th ree  tim es w ith  20 m is . of 1 N sodium  hydrox ide . The com bined 
a lk a lin e  strip p in g s In a 1- l i te r  Erlenm eyer fla sk  are  made 6  N in  hydro­
ch lo ric  a c id , and th e  iod ide ti tra te d  by th e  conven tiona l Iodine mono­
ch loride titra tio n  w ith  standard  p o tassiu m  lo d a te . Twenty m is . of carbon  
te trach lo rid e  w ere u sed  a s  in d ic a to r.
The percen tag e  of iod ide in  th e  sam ple is  com puted from th e  
formula:
% j _ Vol. of KIQ3  x  Iodide T iter of KIO3  x 100 
W eigh t of Sample
V. APPENDIX
TABLE IX
GRAVIMETRIC STANDARDIZATION OF CADMIUM NITRATE SOLUTION 
BY PRECIPITATION OP CADMIUM OXINATE
JOSls_
W eigh t of 
C ru c ib le  + 
p re c ip ita te
25 .1315  25 .5913  2 5 .4038  2 5 .1 2 3 8  25 .4154
W eigh t of
empty
c ru c ib le
23 .9305  2 4 .3911  24 .2118  2 3 .9 3 0 8  24 .2118
W eigh t of 
p re c ip ita te 1 .2 0 1 0  1 .2002  1 .1920  1 .1930  1 .2036
Av. w eig h t of p re c ip ita te  » 1 .198  gram s
W eight of Cd W eight o f p re c ip ita te  x — —
C dO x2
* 1 .198  x 112 .4
4 0 0 .6
3 3 6 .2  m gs. cadm ium  in  5 m is . of cadm ium  n itra te
so lu tio n .














Note: B ecause of sp a ce  l im ita t io n s , in  some of th e  following ta b le s  
th e  po tass ium  iodate  so lu tion  u sed  w ill ju s t  be Ind ica ted  by 
i t s  number (above) In p a re n th e s is .  For exam ple , KIO3  (1) is  
so lu tion  n o . 1, above , w ith  an  iodine t i te r  of 7 .693  m gs. per 
m il li l i te r .
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TABLE XI-A
EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
TITRATION OF IODIDE 
A: 10 m is . of C d l 2 * 06 m is .  w a te r ,  76 m is .  c o n c .  HC1
Volume of KlOq Iodine T iter of KIQg Iodide Found
1 17.62 m is . 7 .023  m g s . /m l . 123.7 mgs
2 17.64 7 .023 123.8
3 17.68 7.023 124.1
4 17 . 65 7 .023 123.9
5 16.27 7 .579 123.3
6 16.25 7 .579 123.1
7 16.22 7 .579 122.9
8 16.21 7 .579 122.9
Average 123.5 mgs
55
TABLE XI -  B
EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
TITRATION OF IODIDE 
B: 10 m is . Odl^t  5 .5  m is . H2 ) , 60 m is .  0 .1  NaOH,
7 6 .5  m is . c o n c .  HC1
Volume of KIO'% Iodide Present Iodide Found D eviation
1 17.69 m is . (2) 123.5 m g s . 124.2 m gs. 0 .7
2 17.66 123.5 124.0 0 .5
3 17.68 123.5 124.1 0 . 6
4 17.67 123.5 124.0 0 .5
5 16.34 (8 ) 123.5 123.8 0 .3
6 16.26 123.5 123.2 0.3
7 16.32 123.5 123.7 0 . 2
8 16.29 123.5 123.4 0 . 1
Average:
R elative Error:




EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
TITRATION OF IODIDE 
C: 10 mis. C dl2 , 1 ml. w ater, 60 m is. 1 N NaOH,
81 m is. cone . HC1
Volume of KIO-i Iodide Present Iodide Found Deviation
1 17.62 mis. (2) 123.5 mgs. 123.7 mgs. 0 . 2
2 17.64 123.5 123.8 0.3
3 17.68 123.5 124.1 0 . 6
4 17.66 123.5 124.0 0.5
5 16.15 (8 ) 123.5 122.4 1 . 1
6 16.29 123.5 123.4 0 . 1
7 16.28 123.5 123.4 0 . 1
8 16.32 123.5 123.7 0 . 2
Average:
Relative Error
123 .6 m gs. ■0.3
0.24%
TABLE XI-D
EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
TITRATION OF IODIDE 
D: 10 mU. Cdlg, 20 mis. 10% NaOH, 40 mis. 2% NaOH,
82 mis. conc. HC1
Voluma of KIO^ feStttiS-EZSifiSL Iodide Found Deviation
1 17.99 m is. (2) 123.5 mgs. 126.3 mgs. 2 . 8
2 17.98 123.5 126.2 2.7
3 18.04 123.5 126.6 3.1
4 18.03 123.5 126.6 3.1
5 16.63 (8 ) 123.5 126.1 2 . 6
6 16.61 123.5 125.9 2.4
7 16.55 123.5 125.4 1.9







EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
RECOVERY OF IODIDE 
A: 60 rnla. of 0 .1  N NaOH
Percentage
Volume of XIOq Iodide Preeent Iodide Found Recovery
1 17.69 m is. ( 1 ) 145.2 mge. 136.1 mgs. 94
2 17.48 145.2 134.5 93
3 17.75 145.2 136.6 94
4 17.72 145.2 136.3 94
5 17.55 145.2 135.0 93
6 17.64 145.2 135.7 93
7 17.61 145.2 135.5 93
8 17.51 145.2 134.7 93
Av.: 17.62 m is. 135.6 mgs. 93
Concentration of Cdl2  Solution = 0.05 M




EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
RECOVERY OF IODIDE 
B: 60 m is. of 1 N NaOH
Percentage
Volume of KIO3  Iodide Present Iodide Found Recovery
1 21.83  m is. (5) 139.3 mgs. 133.1 mgs. 96
2 21.79 139.3 132.9 95
3 21.78 139.3 132.8 95
4 21.59 139.3 131.6 94
5 21.52 139.3 131.2 94
6 20.94 (4) 131.7 126.1 96
7 20.99 131.7 126.4 96
8 20.61 131.7 124.1 94
Average 95
C oncentration of Cdl^ Solution = 0.05 M




EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
RECOVERY OF IODIDE 
C: 20 m is. of 10% NaOH, 40 m is. of 2% NaOH
Volume of KIO^ Iodide Present Iodide Found
Percentage
Recovery
1 20.96 m is. (4) 133.3 mgs. 126.2 mgs. 95
2 21.05 133.3 126.7 95
3 2 1 . 0 1 133.3 126.5 95
4 21.03 133.3 126.6 95
5 21.05 133.3 126.7 95
6 21.16 133.3 127.4 96
7 2 1 . 2 0 133.3 127.7 96
8 2 1 . 0 0 133.3 126.4 95
Av.: 2 1 . 1 0  mis. 126.8 m gs. 95
Concentration of Cdlg Solution = 0. OS M





















RECOVERY OF IODIDE WITH 1 N NaOH 
A; 20 m is . of 1 N NaOH
Percentage
Volume of KIO^ Iodide Presen t Iodide Found Recovery
20 .41  m is. (4) 131.7 m gs. 122.9 m gs. 93
20 .50 131.7 123.5 94
2 0 . 1 0 131.7 1 2 1 . 0 92
19.99 131.7 120.4 91
20.63 131.7 124.2 94
19.95 131.7 1 2 0 . 1 91
20.35 131.7 122.5 93
20.43 131.7 123.0 93
2 0 .3 0  m is. 1 2 2 . 2  m gs. 93
B: 40 m is . of 1 N NaOH
20 .56  m is . (4) 131.7 m gs. 123.8 m g s . 94
20 .60 131.7 124.1 94
20.42 131.7 123.0 93
20.63 131.7 124.2 94
20.65 131.7 124.3 94
20.58 131.7 123.9 94
20.53 131.7 123.6 94
2 0 . 2 1 131.7 121.7 92
20 .52  m is. 123.6  mgs. 94
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TABLE XIII (C o n 't .)
C: 60 m is .  o f  1 N NaOH
Percen tage
Volume of KIQg Iodide P re s e n t  Iodide Found Recovery
1 2 0 .7 8  m is .  (4) 131.7  m gs. 125.1  m gs. 95
2 20 .77 131.7 125.1 95
3 20 .99 131.7 126.4 96
4 20 .61 131.7 124.1 94
5 20 .55 131.7 123.7 94
6 20 .94 131.7 126 .1 96
7 2 1 . 0 0 131.7 126 .4 96
8 20 .65 131.7 124.3 94
A v.: 2 0 .7 9  m is . 125.2  m gs. 95
C o ncen tra tion  of Cdlg Solution = 0 .0 5  M
pH = 0 .6  
Tem perature * 30°C
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TABLE XIV -  A
EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION
OF IODIDE 
A: pH -  0 .3
_______________________ N on-aqueous Laver______________
KIO3  (5) 21 .77
AVt „
2 1 .8 3  21 .85  2 1 .9 1  21 .92  2 1 .9 6  21 .87
I(m gs.) 133 133 133 134 134 134 134
%E (I) 96 96 96 96 96 96 96
Cd(mgs?) 43 42 42 43 42 42 42




2 . 8 2 .9
- A .
2 .9 2 . 8 2 . 8 2 . 8 2 . 8
Aaueous Laver
I Left* 6 6 6 5 5 5 5
I (Orlg.) 139 139 139 139 139 139 139
%I (Left) 4 4 4 4 4 4 4
Cd Left 19 2 0 2 0 19 2 0 2 0 2 0
Cd (Orlg.) 62 62 62 62 62 62 62
%Cd (Left) 32 33 33 31 32 32 32
ApH +0.18 +0 .17 + 0 . 20 + 0 .19  + 0 .2 0 + 0 . 2 +0.19
* ob ta ined  by d ifference
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TABLE XIV -  B
EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION
OF IODIDE 
B: pH » 0 .6
_______________________ N on-agueoua Laver______________
VKI0 3 (5) 21 .62 21 .79 21 .78 21 .59 21 .79 21 .83 2 1 .'
I (mg*.) 132 133 133 132 133 133 132
%E (I) 95 95 95 94 95 96 95
C d(m gst) 44 44 44 44 44 44 44
%E (Cd) 70 70 70 70 70 70 70
0 4 1 -L- 1 1 1 1
I 2 .7 2 .7 2 .7 2 .7  2 .7  
Aaueous Laver
2 .7 2 .7
I Left* 7 6 6 7 6 6 7
I (Orlg.) 139 139 139 139 139 139 139
%I (Left) 5 5 5 6 5 4 5
C d (Left) 18 18 18 18 18 18 18
Cd (Orlg.) 62 62 62 62 62 62 62
%Cd (Left) 30 30 30 30 30 30 30
A pH + 0 . 1 0 +0.08 +0.05 + 0 .08 + 0 .06 + 0 . 1 0 + 0 .
* ob tained  by d ifference
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TABLE XIV -  C
EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION
OF IODIDE 
C: pH -  I
_______________________ N on-agueous Laver__________________
1 2 3 _  4 5 6  Av.
VKI0 3 (3) 19.65 19.64 2 0 .0 6  19.61 2 0 .1 0  19.82 19.88
1  (m gs.) 124 126 127
%E (I) 94 95 96
Cd (mgs?) 48 46 48
%E (Cd) 83 80 83
£ d 1 1
I 2 .3 2 .4 2 .3
I Left* 8 6 5
I (Orig.) 132 132 132
%I (Left) 6 5 4
Cd (Left) 1 0 1 2 1 0
Cd (Orig.) 58 58 58
%Cd (Left) 17 2 0 17
ApH + 0.08 + 0 . 1 0 + 0 .
125 127 125 126
95 96 95 95
46 48 47 47








7 5 7 6
132 132 132 132
5 4 5 5
1 2 1 0 1 1 1 1
58 58 58 58
2 0 16 19 18
+ 0 .09 + 0 . 1 0 +0.08 +0.08
* ob tained  by d ifference
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TABLE XIV -  D
EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION
OF IODIDE 
D: p H -  2
 ___________________ N o n -aau to u i Laver_____________
vn o s (3) 19.49 19.60 19.59 19.75 19.47 19.65 19
I (mgs.) 123 124 124 125 123 124 124
%E (I) 94 94 94 95 93 94 94
Cd (mgs?) 54 54 54 55 54 54 54
%E (Cd) 93 93 93 95 93 93 93
£ d 1 1 1 1 1 1 1
I 2 2 2 2 2 2 2
Aqueous Layer
I Left 7 .1 7 .1 7 .1 7 .1 7 .1 7.1 7 .1
I (Orig.) 132 132 132 132 132 132 132
%I (Left) 5 .4 5 .4 5 .4 5.4 5.4 5.4 5.4
Cd (Left) 4 .4 4 .2 4 .0 3.8 4 .1 4.1 4.1
Cd (Orlg.) 58 58 58 58 58 58 58
%Cd (Left) 7 7 7 5 7 7 7
ApH +0.4 + 0 . 6 +0.5 +0.5 + 0.5 +0.5 + 0.5
* obtained by difference
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TABLE XIV -  E
EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION
OF IODIDE 
E: pH -  3
____________________Non-aqueous Laver_______________
1 2 3 4 5 6  Av
vKK>3 (3) 19.42 19.62 19.63 19.47 19.65 19.72 19,
I (mgs.) 123 124 124 123 124 125 124
%E (I) 93 94 94 93 94 95 94
Cd (mgs?) 55 56 55 55 55 55 55
%E (Cd) 95 97 95 95 95 95 95
1 I 1 I I I i





I (Left) 7 .8 7.9 7 .9 7 .9
00•
1". 7 .1 7
I (Orlg.) 132 132 132 132 132 132 132
%I (Left) 5 .9 6 6 6 5.9 5.4 5
Cd (Left) 3 .3 2 .3 2 . 8 3.5 3 3 3
Cd (Orlg.) 58 58 58 58 58 58 58
%Cd (Left) 5 3 5 5 5 5 5
ApH + 0.4 + 0 . 2 + 0.3 + 0 . 2 +0.3 + 0.3 + 0
* obtained by difference
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TABLE XIV -  F
EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION
OF IODIDE 
F: pH « 6
N on-aaueous Layer
I 2 3 4 5 6 Av.
vKIOj(4) 20.45 20.47 20.41 20.59 20.47 20.52 20.41
I (mgs.) 123 123 123 124 123 124 123
%E (I) 94 94 93 94 94 94 94
Cd (mast) 56 56 56 56 56 56 56
%E (Cd) 97 97 97 97 97 97 97
1 1 1 1 1 1 1





I (Left) 7 .9 7 .9 7 .9  ̂ 7 .8 7 .9 7 .8 7 .9
I (Orig.) 132 132 132 132 132 132 132
%I (Left) 6 6 6 5 .9 6 5 .9 6
Cd (Left) 2 . 6 2.5 2.5 2 . 6 2 . 6 2 . 6 2 . 6
Cd (Orig.) 58 58 58 58 58 58 58
%Cd (Left) 3 3 3 3 3 3 3
A pH -3 .2 - 3 .0 -3 .2 - 3 .4 - 3 .2 - 3 .3 -3 .2
* obtained by difference
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TABLE XV -  A
EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION
OF IODIDE 
A: C d /I  -  1/1
N on-aquaou i Laver
vKI03 (6) 21.87 21.83 21.83 21.87 21.83 21.78 2 1 . 8
I (mgs,) 132 132 132 132 132 132 132
%E (I) 96 95 95 96 95 95 95
Cd (mgs?) 65 64 63 64 64 64 64
%E (Cd) 51 50 49 50 50 50 50
Cd 1 1 1 1 1 1 1
I 1 . 8 1 . 8 1 . 8 1 . 8 1 . 8 1 . 8 1 . 8
Aaueous Laver
I (Left)* 6 6 6 6 6 6 6
I (Orig.) 138 138 138 138 138 138 138
%I (Left) 4 5 5 4 5 5 5
Cd (Left) 64 64 65 64 64 64 64
Cd (Orig.) 128 128 128 128 128 128 128
%Cd (Left) 49 50 51 50 50 50 50
* obtained by difference
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TABLE XV -  B
EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION
OF IODIDE 
B: C d /I  -  2 /1
Aaueous Laver
I (Left)* 1 2 1 2 13 9 9 1 0
I (Orig.) 150 150 150 138 138 138
%I (Left) 8 8 9 7 7 7
Cd (Left) 206 2 0 2 204 208 208 208
Cd (Orig.) 268 268 268 262 262 262
%Cd (Left) 77 75 76 79 79 79
. 1 2 3 4 5 6 Av,
v* ao 3 (6 ) 22 .87 22 .74 22 .63 21 .37 21 .31 21 .27
I (m gs.) 138 138 137 129 129 128
%E (I) 92 92 91 93 93 93 92
Cd (mgs?) 62 6 6 64 54 54 54
%E (Cd) 23 25 24 2 1 2 1 2 1 2 2
Cd 1 1 1 1 1 1 1
1 2 . 0 1 . 8 1 .9 2 . 1 2 . 1 2 . 1 2 . 0
8
78
* ob ta ined  by d ifference
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TABLE XV -  C
EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION
OF IODIDE 
C: C d /I  -  4 /1
N on-aaueous  Laver
1 2 3 4 5 Av.
VKI0 3 (6) 18.09 18.51 18.48 18.42 18.36 18.:
I (m gs.) 109 1 1 2 1 1 2 1 1 1 1 1 1 i l l
%E (I) 8 8 90 89 89 89 89
Cd (mgs?) 75 77 77 77 79 77
%E (Cd) 19 2 0 2 0 2 0 2 0 2 0
Qd 1 1 1 1 1 1
I 1 .3 1.3 1 .3 1.3 1 . 2 1.3
Aqueous Layer
I (Left)* 16 13 13 14 14 14
I (Orig.) 125 125 125 125 125 125
%I (Left) 1 2 1 0 1 1 1 1 1 1 1 1
Cd (Left) 316 314 314 314 312 314
Cd (Orig.) 391 391 391 391 391 391
%Cd (Left) 81 80 80 80 80 80
* obtained  by d ifference
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TABLE XVI -  A
EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON
THE EXTRACTION OF IODIDE 
A: 0 .001 M C d I2 
______________ N on-aaueous Laver_____________
























































1 .35 1.35 1.35
3 .45
39 
















0 .61  
1.53
40
N a 2 S2 0 3  t i t e r *  1.07 m gs. I
* ob ta ined  by d ifference
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TABLE XVI -  B
EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON
THE EXTRACTION OF IODIDE 
B: 0 .003  M C dl 2  
______________N on-aaueous_Laver_____________
VN a 2 S 2 0 3  6 .32  6 .23  6 .2 4  6 .21  6 .25
I ( m g s . )  6 .7 6  6 .67  6 . 6 8  6 .64  6 .69
%E (I) 78 77 77 77 77
Cd (mgst) 1 .6  1.6 1 .6  1 .6  1.6
%E (Cd) 53 53 53 53 53
1 1 1 1  
I 3 .7  3 .7  3 .7  3 .7  3 .7
Aqueous Laver
I (Left)* 1.88 1.97 1.96 2 .0 0  1.95
I (Orig.) 8 .6 4  8 .6 4  8 .6 4  8 .6 4  8 .64
%l (Left) 22 23 23 23 23
Cd (Left) 1 .4 1.4 1 .4  1 .4  1.4
Cd (Orig.) 3 3 3 3 3
%Cd (Left) 47 47 47 47 47
N a 2 S 2 0 3  t i te r  = 1 .0 7  m gs. I
* obtained by d ifference
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TABLE XVI -  C
EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON
THE EXTRACTION OF IODIDE
C: 0 .006  M C d l 2
N on-aaueous  Laver
1 2  3 4 Av.
Vn « 2s 2° 3 14.02 14 .00 14.11 14.07 14.05
I (m gs.) 15 .0 15.0 15.1 15.1 15 .0
%E (I) 87 87 87 87 87
Cd (mgs?) 5 .0 5 .1 5 .0 5 .2 5 .1
%E (Cd) 65 6 6 65 6 8 6 6





I (Left)* 2 .3 2 .3 2 . 2 2 . 2 2 . 2
I (Orig.) 17.3 17,3 17.3 17.3 17.3
%I (Left) 13 13 13 13 13
Cd (Left) 2 .7 2 .6 2 .7 2 .5 2 .6
Cd (Orig.) 7 .7 7 .7 7 .7 7 .7 7 .7
%Cd (Left) 35 34 35 32 34
Na_S«0_ t i t e r  =2 2 3 1.07 m g s . I
* ob tained  by d ifference
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TABLE XVI -  D
EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON 
THE EXTRACTION OF IODIDE 
D; 0.01 M Cdl2
__________________ N w - t w w  _______________







I (mgs.) 31.3 31.6 31.5 31.5 31.5
%E (I) 90 91 91 91 91
Cd (m git) 10.3 10.3 10.3 10.4 10.3
%E (Cd) 67 67 67 6 8 67
fid 1 J L 1 _L_ •
I 2 .7 2 .7 2 .7 2 .7 2.7
I (Left)* 3 .4 3.1
Aaueous Layer
3.2 3.2 3.2
I (Orig.) 34.7 34.7 34.7 34.7 34.7
%I (Left) 1 0 9 .0 9 .0 9 .0 9 .0
Cd (Left) 5 .1 5 .1 5 .1 5 .0 5 .1
Cd (Orig.) 15.4 15.4 15.4 15.4 15.4
%Cd (Left) 33 33 33 32 33
Na 2 S2 0 3  t i te r  = 1 . 1 0  m gs. I
* obtained by difference
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TABLE XVI -  E
EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON
THE EXTRACTION OF IODIDE 
E: 0 .03  M C dl 2
N on-aaueous Laver
2 3 4 ? 6 Av.
VKI03 (S) 10.74 10.64 10.80 10.80 10.83 (10.40) 1 0 . 8 C
I (mgs.) 65.5 6 6 . 1 65 .8 65.8 6 6 (63.4) 65.8
%B (I) 94 95 95 95 95 (91) 95
Cd (mgs?) 22 .9 21.5 2 0 . 8 21.5 20.7 (21.5) 21.5
%E (Cd) 74 70 6 6 70 67 (70) 70
fid J L o . 1 ( J L )  
1 2 . 6  1
J L
I 2 .5 2 .7 2 . 8 2.7
AflWOTi.
2 . 8
L m c .
2 .7
I (Left)* 4 .0 3 .4 3 .7 3 .7 3 .5 (6 . 1 ) 3 .7
I (Orig.) 69 .5 69.5 69.5 69.5 69.5 69 .5 69.5
%I (Left) 6 5 5 5 5 (9) 5
Cd (Left) 7 .9 9 .3 1 0 9 .3 1 0 . 1 (9.3) 9 .3
Cd (Orig.) 30 .8 30.8 30.8 30.8 30.8 30.8 30.8
%Cd (Left) 26 30 32 30 33 (30) 30
* obtained by d ifference
77
TABLE XVI -  F
EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON
THE EXTRACTION OF IODIDE 
F: 0 .1  M C d l 2
N oi^aqueous Laver
1 2 3 4 5 6 Av
VKI0 3 (7) 40 .24 40 .08 40 .01 39 .97 39 .95 39 .97 40
I (m gs.) 257 256 255 255 255 255 256
%E (I) 97 96 96 96 96 96 96
Cd (mgs?) 89 8 8 8 8 8 8 8 8 8 8 8 8
%E (Cd) 75 75 75 75 75 75 75
_ L . 1 1 1 1
I 2 . 6 2 . 6 2 . 6 2 . 6  2 . 6  
Aaueous Layer
2 . 6 7
I (Left)* 9 .0 1 0 1 1 1 1 1 1 1 1 1 0
I (Orig.) 266 266 266 266 266 266 266
%I (Left) 3 4 4 4 4 4 4
Cd (Left) 29 30 30 30 30 30 30
Cd (Orig.) 118 118 118 118 118 118 118
%Cd (Left) 25 25 25 25 25 25 25
* ob ta ined  by d ifference
78
TABLE XVII-A
EFFECT OF TEMPERATURE ON THE EXTRACTION OF IODIDE
A: 25°C
_______________________ N on-agu+bus Layer__________________
1 2 3 4 5 6 Av.
vKI0 3 (6) 2 2 .1 8 2 2 .1 9 2 2
1  (m gs.) 134 134 134
%E (1) 97 97 97
C d (mgs?) 41 42 41
%L (Cd) 67 69 67
0 4 1
I 2 .9 2 . 8 2
I (Left)* 4 4 4
I (O rig .) 138 138 138
%I (Left) 3 3 3
Cd (Left) 2 0 19 2 0
Cd (O rig .) 61 61 61
%Cd (Left) 33 31 33
22 .17 2 2 .1 6 2 2 . 2 0 2 2
134 134 134 134
97 97 97 97
41 41 42 41
67 67 69 6 8
1 1
2 .9  2 .9  
Aaueous Laver
2 . 8 2
4 4 4 4
138 138 138 138
3 3 3 3
2 0 2 0 19 2 0
61 61 61 61
33 33 31 32
* ob ta ined  by d iffe rence
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TABLE XVII -  B
EFFECT OF TEMPERATURE ON THE EXTRACTION OF IODIDE
B: 40°C
1 2 3 4 5_ 6 Av.
vK1O3 0 ) 19.53 19 .34 19 .30 19.51 19.39 19 .59 19.44
I (m gs.) 124 1 2 2 1 2 2 124 123 124 123
%E (I) 94 93 93 94 93 94 94
Cd (mgs?) 40 39 39 40 39 40 40
%E (Cd) 69 67 67 69 67 69 6 8
£ 4
I 2 . 6 2 . 8 2 . 8 2 . 8 2 . 6 2 . 8 2 . 8





I (O rig .) 132 132 132 132 132 132 132
%I (Left) 6 7 7 6 7 6 6
Cd (Left) 16 19 19 18 19 18 16
Cd (O rig .) 58 58 58 58 58 58 58
%Cd (Left) 31 33 33 31 33 31 32




Graph No. 1. Spectrophotom etrlc C a lib ra tion  Curve
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